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Magnesium Alloys in Industry 


Because of their lightness, parts made of magnesium 
alloys find many advantageous uses in many industrial ap- 
plications. Rather complete information as to their uses in 
five special fields is given by Mr. Mathes. 


Metallography of Stainless Steels 


Interpretation of the qualities and the applicability of 
certain stainless steels depend often on their structure. 
Mr. Watkins discusses the many practical phases of this 
complicated subject in the first of a series. 


Castings for Heavy Machinery 


A pictorial presentation of the application of special 
iron castings in heavy machinery, with emphasis on the use 
of “Meehanite,”’ reflects the experience of a large company 
specializing in modern machine tools and other heavy 
machinery. 


Solid Solutions of Aluminum 


In the annealing of alloy sheets coated with pure alumi- 
num, it is important that the pure aluminum coating shall 
not be contaminated by too extensive diffusion outward of 
the alloying elements in the core alloy. A knowledge of 
diffusion coefficients and heat-treating cycles may be devised 
to avoid this. This discussion of a highly technical subject 
is authoritative. 


Electrical Resistance Furnaces 


This article by Mr. Schwarzkopf describes the Stratit 
heating elements, their cost and operation. It is believed 
that they open up a new field of application, due to their 
high temperature range and the possibility of dispensing 
with a protective atmosphere. 


Bessemer Steelmakin g 


There is currently much ado about the Bessemer process, 
and with reason. The process can now be accurately con- 
trolled to give a more uniform product, economic trends may 
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impel a resurgence of interest in the converter, and metal- 
lurgical engineers can now dephosphorize acid Bessemer 
steels to remarkably low levels, according to a composite 
digest on page 70. 


Aluminum Castings 


° 

An article in Foundry Trade J. (see page 76) tells how to 
make aluminum alloy castings so they don't resembls 
porous bearings. Rapid melt-down, avoidance of over- 
heating and immediate pouring seem essential in com- 
batting porosity, but we gather also that a_properly-di- 
rected prayer should do no harm, either. 


Cold-Rolling, Annealing of Strip Steel 


German investigations of certain practical factors in 
producing strip steel are reported in two digests. Lueg & 
Schultze (page 75) examine the effects of backward and 
forward pull in cold-rolling, and a composite (page 73) 
reviews comparative studies of batch annealing and con- 
tinuous (electric) annealing of cold-rolled steel for deep- 
drawing. 


Welding Aircraft Tubing 


Large quantities of light-walled chrome-moly steel tub- 
ing are welded to make light-aircraft fuselages and other 
components. The use of oxyacetylene welding is facili- 
tated, says Eckman (page 84) by using the ‘excess 
acetylene’ technique he describes. 


High Temperature Design 


Whether you're concerned with designing battleship 
boiler systems, refinery valves or one of a hundred heated- 
in-service products, the composite on page 96, with its 
comments on structural stability and on creep vs. rupture 
in design, should prove helpful. 


Lead Cable-Sheath Testing 


Service behavior of lead cable sheathing may be as 
satisfactorily predicted from testing simple tension strips 
cut from sheathing as from making bursting tests on the 
sheath itself, say Moore, Dollins & Craig (page 106). 
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ON REPAIRS 


Don’t let worn or broken molds, dies, forging 
hammers, and similar tools sabotage your 
production. Recondition them quickly by atomic- 
hydrogen arc welding and save practically all the 
time and expense otherwise required to make new 
ones. This process is not “patch work’’—it restores 
original contour and wear-resisting qualities of 
worn tools so well that repairs defy detection. 


ON MILD STEEL 


Where especially ductile and homogeneous fusion- 
welded joints are required on mild steel, atomic 
hydrogen does the job better and quicker than 
any other process. Its precise and accurate control 
of heat is especially good on thin material in making 
smooth joints, free from ‘“‘pin holes’ and under- 


Wht. GAIN SPEED 


ON HARD-TO-WELD METALS 


In the fabrication of products made of stainless 
steel, aluminum, chrome-nickel—in fact, any hard- 
to-weld ferrous or nonferrous alloy—don’t waste 
time in riveting, bolting, or casting until you’ve 
tried atomic hydrogen to gain the speed of this 
quality-fusion welding process. The hydrogen gas 
envelope protects the molten metal and prevents 
harmful composition changes. 


ON HARD-SURFACING 


Unusually strong bonding to base metal at a fast 
rate, without injury to composition or hardening 
qualities, is obtained by localized high temperature, 
excellent heat transfer, and protection against 
oxidation provided by the atomic hydrogen gas. 


cutting. 

° ae 
FREE—-omplete information on the application and technique nant’ — et? 
of atomic hydrogen welding as well as the equipment suit- , erectric ° york > os 5 ome 
able to this process is contained in Bulletin GEA-823. Write \ Gcfenet*O" oe of Siete det 
for your copy today. Your local G-E arc welding distributor Gentle™ send covert " 
or G-E office will gladly arrange a demonstration on your GEA See —_. 
particular work. Give them a call today or write General — vai 
Electric, Schenectady, N. Y. Tires® 
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A New Year 


We ordinarily let the January issue go by without 
recognition, in the editorial or the text pages, that 
it is the first month of the year. A continuous inven- 
tory of metallurgical matters, in correlated abstracts 
and composite digests, seems more useful than the 
assembling for the January issue of sketchy surveys 
stating what various authorities consider to be note- 
worthy progress in the past calendar year plus their 
guesses for the coming year. 

A bit of editorial comment, though not of pro- 
phecy, may be in order this January. The conditions 
of 1941 are so different from normal ones that accu- 
rate prognostication is even more impossible than 
usual. One thing is certain, 1940 was a hell of a 
year the world over, and 1941 will probably be 
more of the same. Chaos, brought on by aggressor 
nations, rules over Europe and Asia, much of which 
has been over-run and paralyzed by the invaders. 
The valiant efforts to restore order and to prevent 
further over-running that are being put forth by 
England in particular, excite our greatest admiration, 
and call for our support. Moreover, it has become 
plain that our own hemisphere is not necessarily 
immune from attack and that it is necessary to de- 
velop our latent ability to exert military force,—the 
only thing the dictators understand,—into greater 
strength than they have. 

This shifting from a peace time basis to a basis 
of war and preparedness for war, has entirely re- 
arranged metallurgical activities the world over, since 
warfare rests upon the production of metals and 
metal products, and hence upon metallurgical 
engineering. 

Internally, 1940 was also a hell of a year. An 
administration to which business, /.e., the people 
who produce things,—is anathema, has been kept in 
power, and anti-business blatherskites like Ickes are 
retained therein. This month marks the re-re-inaugu- 
ration of what may turn out to be the “4th term 
candidate.’’ This would indeed be a sorry prospect 
for business in general and metallurgical progress in 
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particular, were it not that the American public 
grasps the fact that production for preparedness 
depends on the business and technical ability of those 
who make things. Producers are not in the public’s 
doghouse. The anti-business zealots of the New 
Deal may therefore be forced into an unwilling truce. 
Leopards do not change their spots and _polecats 
require a surgical operation to become odorless. So 
when the emergency is over, any truce will end. 

But during the emergency, metallurgical produc- 
tion and technology will progress. Whether the 
increase in knowledge on which progress is based 
will develop along lines of value for future needs 
as well as for the day-to-day problems, is a matter 
of importance. The day-to-day problems are on 
minutiae, for we do not therein utilize brand new 
ideas and experimental facts; we use those that were 
brought out in the research and development of 5 
or 50 years ago, those that have had time to ripen. 

The United States will have to produce a greater 
proportion of the new fundamental information 
upon which future progress will be based, than here- 
tofore. Of the countries over-run by the invaders, 
only France was of much importance in research and 
development. Her metallurgical journals appear to 
have ceased publication, nor is it likely that any- 
thing is being done worthy of publication. Sweden 
continues to record important matters in the Jernkon- 
torets Annaler, Of the belligerents, England main- 
tains her excellent engineering and metallurgical 
publications with little decrease in quantity or quality, 
and is obviously taking thought for the post-emer- 
gency conditions that will arise, with a steadfast 
belief that she can and will outlast and outfight the 
dictators. 

The world used to look to Germany for a goodly 
proportion of new and basic information, such as 
appeared in the Archiv and the Mitt. K.W. Institut. 
One can hardly appraise the present quality and 
quantity, because the effective British blockade has 
kept many of the 1940 issues of these and other 
German journals piled up in Switzerland, waiting 
for a chance for shipment. Recently, some of the 
later issues have come out through Japan and Siberia. 
Most of these late samples are not very impressive. 
Only a few of the older authors are publishing and 
some at least of what they do publish, is picayune, 
like one report of laborious investigations which 
showed that the “deformation between the 25th and 
the 35th hour’ in a short time high temperature test 
gives no useful information as to long-time creep 
resistance, a matter that the rest of the metallurgical 
world knew long ago. 

It is interesting that despite the war, the abstract 
sections of both the English and the German peri- 
odicals carry résumés of the publications of the 
other country, showing respect for each other's tech- 
nical knowledge. Indeed, we learn from the English 
abstracts something of the subject matter in the 
German articles in the journal issues held up by the 
blockade. 

Whether there is war or peace, whether the ad- 
ministration is hostile or friendly, the metallurgical 
industries will develop some new knowledge and 

(Continued on page 51) 
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NDUSTRY HAS LONG RECOGNIZED the advantages 
to be gained from lighter weight in certain proc- 
esses or applications, particularly those involving 
manual labor or reciprocating or revolving machinery. 


| With faster production schedules and the higher op- 
4 erating speeds which they require, weight becomes 
ka an increasingly significant factor. The easiest, and 
al often the cheapest, means of reducing weight is by 
; utilizing the light alloys which metallurgical devel- 
opment has produced. The lightest of these are the 
magnesium-base alloys, such as ‘““‘Dowmetal.” 
; The importance of Dowmetal in applications 
| where weight is an important consideration is il 
es lustrated by Table I, which compares its specific 
gravity with those of other common metals, and 
ba és by Table II, which gives the physical properties 
of the most commonly used magnesium alloys. The 
favorable combination of low weight and high 
strength which these alloys offer, as well as certain 
other properties which they possess, make them most 
applicable for the following purposes: 
” 
1. To reduce the weight of manually handled tools 
2. To reduce the weight of reciprocating or revolving 
parts on high-speed machinery. 
3. To reduce transportation costs on items requir- 
ing frequent re-shipment. 
; 4. To reduce machining costs. 
It has been known for along time that magnesium 5. To utilize unique chemical or physical properties. 
alloys, because of their lightness, have many ad- , ; i“ 
) i fo Ne “ ) The following discussion illustrates by specific 
vantages. This article gives full information on the : ' re 
ew 2h) A \ references these general fields of application. 
industrial applications of certain products made of 
these alloys where the substitution of lighter weight ‘ : 
material is advantageous. Five special fields where Reducing the Weight of Manually Handled Tools 
this is true are discussed—in manually-handled tools, —_* : 
an hiok , hi cad Dowmetal castings, plate, and structural shapes 
in certain parts of high- nery, in? 
pone f Fr epene, Sa), Fe Pees have all been used to advantage for manually han- 
transportation costs, in lowering machining costs, 1] ; 
ate , dled equipment. 
and in utilizing chemical and physical properties. "TF ap , . 
“p Castings were the forerunner in this field because 
—The Editors ee Cees , 
om they were the first commercially available form, and 


because the maximum weight savings can be ef- 
fected. Magnesium alloy sand castings have physi- 
: by JOHN GC. MATHES cal properties better than ordinary gray iron and 
’ qué st light weight alloys. For this reas 
The Dow Chemical Co. equal to other light weight alloys. For this reason, 
) the same pattern equipment used for the heavier 
Midland, Mich. , 
metals, with perhaps some slight changes in fillet- 
ing or ribbing, can be used for the magnesium cast- 
ings. The volume of metal in the casting, there- 


Table 1.—Relative Weights of Structural Metals 


Weight 

f= _— ss 
Specific Relative Lb. Lb. 

Material Gravity Weight per cu. in. per cu. ft, 
Dowmetal ........ 1.8 1.0 0.065 112 
Aluminum Alloys.. 2.8 1.6 0.101 175 
Se 7.1 3.9 0.256 443 
are 7.2 4.0 0.260 450 
pO ES eee Ore 7.3 4.1 0.264 456 
0 ee ee 7.9 4.4 0.285 493 
Ee re 8.5 4.7 0.307 531 
I eb eee e 8.8 4.9 0.318 550 
SES ee 8.9 4.9 0.322 556 
Copper ee ay 4.9 0.322 556 
Sn ee 8 6 0 oe 11.3 6 .408 706 


8, 
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fore, remains practically the same and the full advan- 
tage of its lighter weight utilized. Portable tool 
housings and foundry coreboxes are examples of 
these maximum weight savings. For both of these, 
as-cast Dowmetal H has ordinarily been used, since 
it possesses adequate strength and ductility and 
avoids the slightly higher cost of heat-treated ma- 
terial. 


The reduction in worker’s fatigue when the light- 
est possible tools are used is often reflected in in- 
creased plant efficiency. This is an appreciable fac- 
tor in industries, such as the automotive industry, 
where grinders, drills, buffers, and power wrenches 
are handled continuously throughout the working 
day. Such tools are illustrated in Fig. 1. In other 
industries, particularly mining, the use of larger 
drills and tools makes light weight essential. 

Coreboxes.—Although not yet in general use, 
Dowmetal coreboxes, shown in Fig. 2, have proven 
their efficiency in high production foundries because 
of four distinct qualities—machinability, rigidity, 
long service life, and light weight. The ease of 
machining is a deciding factor, not because the 
boxes are produced in large quantities, but because 
of the handwork necessary to completely finish them 
after the rough and finish cuts are made. In order 
to obtain the necessary precision, coreboxes are gen- 
erally trimmed to final shape by hand filing and scrap- 
ing, processes which are particularly adaptable to 


Table I. 


A 


Designation («) 


Nominal 
Dow Composition (}) 
metal _ A. —_—, Form 
Alloy A.S.T.M. A! Mn Other and Condition 
k No. 7 6.U 0.2 eee Sheet, hard rolled 
Sheet, annealed 
H No. 4 6.0 0.2 3.0 Zn As sand cast 
Heat-treated 
Heat-treated & aged 
J} (e) No. 8 6.5 0.2 0.7 Zn Extruded 
Forged 
| 2.5 0.3 3.5 Cd Hammer forged 
M No. 11 i Seer Sheet, hard rolled 
Sheet, annealed 
Extruded 
Forged 
() | No ) 8.5 0.2 0.5 Zn Extruded 
Forged and aged 
P No. 14 10.0 0.1 1.0 Zn Sand cast, heat- 
treated and aged 
iN No 3 ) 0.1 0.6 Zn Die cast 
X (Cc) No. 15 3.0 0.2 3.0 Zn Extruded 


Extruded and aged 


Forged and aged 


(a2) Most of the compositions listed conform to American So- 
ciety for Testing Materials (A.S.T.M.), U. S. Navy’s Bureau of 
Aeronautics, and Army Air Corps specifications for magnesium 
alloys. 





Fig. 1. (Top) Typical tools with Dowmetal housings. 
Fig. 2. (Bottom) Dowmetal core boxes. 


Composition, Typical Mechanical Properties, and Uses of Magnesium Alloys 


Elon- 
gation Endur- 
Tensile Yield in ance Z 
Strength, Strength, 2in., Brinell Limit, Characteristics and Uses 
Ib. lb. per Hard- lb. per 
per sq. in. persq.in. cent ness sq. in 
45.00 34.000 9 TaD © bene General applications re- 
quiring high strength. 
39,000 20,000 15 | een General applications re- 


quiring formability. 


27,000 12,000 5 53 10,000 Sand castings requiring 
38.000 12.000 11 53 10,000 good properties and re- 
38.000 18,000 5 70 10,000 sistance to salt water. 
43,000 30,000 17 54 17,000 Extruded shapes of im- 

proved strengths. 

40,000 24,000 10 57 17,000 Good forgeability; medi- 
um-stressed parts. 

37,000 26,000 11 a! *sahwea General hammer forging 
requirements, 

35,000 27,000 9 oo eek op Moderately-stressed appli- 

33,000 19.000 a. ae. - > haat cations requiring makxi- 

42,000 27,000 6 42 6,000 mum resistance to salt 

33,000 19,000 6 | a foe water, and good weld- 
ability. 

17,000 33,000 11 61 17,000 Highly-stressed parts of 

46,000 33,000 6 a. °° oa dew simple design. 

Castings requiring highest 

36,000 22,000 1 77 8,000 yield strength and hard- 
ness and not subject to 
shock, 

33,000 21,000 3 60 Standard die casting al- 
loy. Good casting char- 
acteristics and _ high 
properties. 

42,000 30,000 19 51 18,000 Extruded sections and 

44,000 34,000 13 54 # 17,000 forgings with best com- 

42,000 28,000 14 —.  pewex bination of properties 
and resistance to salt 
water. 


(6) Magnesium is the balance in each alloy. 

(c) Compositions with 0.005% max. iron and 0.005% max. 
nickel of improved resistance to salt water are designated J-l, 
O-1 and X-], 
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Dowmetal. Rigidity is also esscntial, and it has 
been found that Dowmetal boxes, made to the 
same standards as boxes of heavier metals, meet 
this requirement. 

Service records from a hand-rammed, 5-piece 
core box used for 63,000 sets of cores up toa high 
production gang core box used for 3,674,000 sets 
of cores do not show that such boxes have distorted 
though subjected to the rough handling which goes 
with high production. Even though magnesium is 
considerably softer than most of the other metals 
used, it has been found that coreboxes made of it 
require no additional expense for upkeep. Similar 
to standard practice for boxes of other metals, the 
parting lines, projecting bosses and other locations 
subject to excessive erosive action are steel faced. 
The fast-wearing areas where sand particles from a 
blowing machine enter the box are also recessed and 
faced with hardened steel in some cases. More often, 
however, they are allowed to wear to some extent and 
are then built up with hard solder and hand scraped 
to the correct profile. 


readily to this practice. 


Magnesium lends _ itself 


These boxes are, of course, much lighter than if 


Fig. 3. 
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made of any other metal, as coreboxes of the next 
lightest metal are approximately 50 per cent heavier 
and steel or iron coreboxes would be over 300 per 
cent heavier. The value of this reduced weight is 
shown by the records of one plant where the produc- 
tion was increased 14 per cent by replacing steel 
with magnesium coreboxes. 

In addition to coreboxes, Dowmetal pattern plate 
and foundry flasks are also widely used in foun- 
dries where their lighter weight contributes to easier 
and more efficient operation. Pattern plates are gen- 
erally made of rolled Dowmetal E and are at least 
25 per cent lighter than plates of equal rigidity 
made of any other material. This is particularly 
important for the quantity production or accurate 
work associated with mounted patterns. 

Structural Shapes.—Portability is also an important 
consideration in many indusfrial operations and, as 
a result, there is a definite advantage in constructing 
certain types of equipment from Dowmetal struc 
tural shapes. When subjected to bending stresses, 
the strength and stiffness of structural members in- 
crease approximately as the square and the cube of 
the depth respectively. It is thus possible, by slightly 


Installation of Dowmetal gravity conveyors. 
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Fig. 4. Dowmetal dockboard. 


increasing the depth of the structural sections, to re- 
place heavier materials with magnesium alloys, secur- 
ing equivalent or increased strength and stiffness and 
retaining very important saving in weight. 

This is illustrated by the Dowmetal gravity con- 
veyor sections used at many railway express ter- 
minals. The weight of these conveyors was reduced 
from 160 lbs. in steel to 70 lbs. in Dowmetal, of 
which approximately 20 Ibs. represent the weight of 
the steel roller bearings. Dowmetal X channels of 
a slightly greater depth than the steel were used 
for the main side members. The bracing angles and 
tubular rollers are also made of this alloy with the 


Fig. 6. Cast Dowmetal safety block installation. 
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latter being aged to obtain maximum hardness. To 
date, approximately 20,000 ft. of these conveyors 
have been installed in various terminals, and it has 
been found that the ease of handling these lighter 
sections has so greatly increased the efficiency that 
they have paid for themselves in a comparatively short 
time. A typical installation is shown in Fig. 3. 
Besides contributing to increased efficiency, Dow- 
metal has also contributed to better safety records 
in many plants through the use of dockboards, safe- 
ty tongs or safety blocks made of these alloys. 
Dockboards —Dockboards for loading or unload- 
ing freight cars have generally been made of steel 
or wood. Such boards may range from small sizes 
to accommodate hand trucks to large boards capable 




















TOTAL COLUMN LENGTH — INCHES 





fe) 5 10 15 20 25 xO 35 40 
Fig. 5. Test curves showing ultimate strength of 
extruded Dowmetal safety block sections for various 


lengths. 


of carrying heavily loaded electric trucks and trailers. 
These boards are often too heavy and unwieldy to be 
readily handled by one or even by two men. To 
avoid the necessity of calling extra men from ‘their 
work in order to set the boards in place, there is a 
definite advantage in constructing them as light as 
possible. As a result, Dowmetal has been used 
rather widely for this purpose for the construction 
of dockboards of all sizes. 

Besides reducing the man-power necessary for 
handling them, the possibility of personal injury is 
greatly reduced as there is less chance that the board 
will be inadvertently dropped while being carried. 
In one of the large motor plants, for example, steel 
boards weighing 625 lbs. were replaced by Dow- 
metal boards weighing but 200 Ibs. each. In an- 
other plant, it was necessary to install a removable 
bridge for loading cars on a track a considerable dis 
tance from the dock. As designed in Dowmetal, 
this 14 by 6-ft. platform weighed but 390 Ibs, and 
is illustrated in Fig. 4. 

Safety Tongs and Blocks.—Safety tongs for feed- 
ing blanks to stamping presses are universally used to 
protect the worker's hand and are made of many ma- 
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terials. Cast Dowmetal H tongs reduce workmen's 
fatigue because of their lightness and have the fur- 
ther advantage of preventing injury to the dies in 
event that the die is closed upon them. Safety 
blocks, also used in conjunction with stamping 
presses, have long been an additional precaution to 
hold the press open while men were working on the 


satisfactory service in a large number of plants for 
several years. However, the expense of making new 
patterns for each size or length restricted an even 
wider use. To meet the situation, and to lower costs 
through standardization, extruded Dowmetal X alloy 
blocks were developed and tested. These extruded 


dies. Until a few years ago, green oak or steel 
were commonly employed for such blocks. How- 


sections can readily be cut into any desired length 
and are lighter and stronger than the cast blocks. 
Fig. 5 illustrates the sections and load capacity of 





Fig. 7. Typical Dowmetal die castings. 


ever, their weight and size made them difficult to 
handle and tended to discourage their use by the 
workmen even when they were made available at 
the presses. 

Also, oak blocks in the common sizes were not 
strong enough to withstand the loads in medium or 
large sized presses should they be accidentally 
tripped. A fatal accident in one of the large plants 
focused attention on this problem and, to prevent 
recurrences, their safety engineers cooperated with 
The Dow Chemical Co. in developing a cast Dow- 
metal safety block considerably stronger than oak 
and lighter and easier to handle than either oak or 
steel. These safety blocks were made of heat-treated 
Dowmetal H castings and were found to give highly 
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these extruded blocks and Fig. 6 illustrates a typical 
cast safety block installation. 


Reducing the Weight of Parts 
in High Speed Machinery 


Besides contributing to the safer and more eco- 
nomical use of manually handled equipment, mag- 
nesium alloys have also been utilized to increase the 
efficiency of high speed machinery. A typical case 
is the substitution of Dowmetal for bronze in a cen- 
trifuge head operating at speeds up to 5,000 r.p.m. 
As-cast Dowmetal H for this head reduced its weight 
from 51 to 21 Ibs. This had the immediate effect 
of reducing starting inertia and obtaining quicker 


























maximum speeds and also effected less wear on the 
thrust bearings, an easier handling of the heads, and 
a reduction in manufacturing costs. On a special 
vacuum pump, Dowmetal eccentric cams in the place 
of cast iron brought the weight from 9-1/4 to 2-2/3 
lbs. The lighter cams greatly lessened vibration with 
a consequent increase in performance and longer 
equipment life. 

On larger and more massive equipment, Dow- 
metal has also been employed to advantage, as on 
an automatic machine requiring accurate indexing. 
The original installation on this machine included 
a revolving cast iron head and, due to inertia, great 
difficulty was experienced in keeping the indexing 
mechanism properly adjusted. By substituting a 
cast Dowmetal head which was 350 lbs. lighter, this 
trouble was overcome and the output of the machine 
increased by 100 operations per hour, an increase of 
12-14, percent. 

Perhaps the most extensive use of Dowmetal in 
revolving mechanisms has been for the hubs and 
blades of large axial flow fans in the cooling towers 
of air-conditioning systems. Its light weight is here 
directly evaluated in increased efficiency, substantially 
lower power costs, and the elimination of such equip- 
ment as heavy drive chains and electric starting de- 
vices. These fans have been made of as-cast Dow- 
metal H in sizes up to as large as 13 ft. in diameter 
and 900 Ibs. in weight for the hub and blade as- 
sembly. 

Other types of equipment in which the lighter 
weight of magnesium has contributed to more 
economical operations include packaging machinery, 
automatic glass working machinery, knitting and 
weaving machines, and, in the rayon industry, for 
bobbins and warp beams. Die castings and extru- 
sions as well as sand castings have been incorporated 
in equipment of this type. Some of these parts are 
included among the Dowmetal die castings shown 
in Fig. 7. 


Light Weight Saves in Transportation 


The use of magnesium alloys for bobbins and 
spools for shipping yarn and wire is an outstanding 
example of the utilization of Dowmetal to save 
weight in transportation. In most cases such mer- 
chandise is shipped to the weaving mills on return- 
able spools which are re-shipped several times each 
year. Wooden spools are commonly used but they 
have the disadvantage of becoming easily broken, 
warped out of shape, or otherwise rendered unusable. 

Because of their light weight, magnesium alloys 
are particularly suitable for the metal spools which 
increasingly are being substituted for the wooden 
spools. 

In the printing and engraving industry, Dowmetal 
engraving plates also serve to reduce shipping cost. 


Particularly as compared to brass, this is an apprect- 
able factor because it is so often necessary to deliver 
the plates by special delivery or air mail. 


Table 111.—Relative Machinability of Metals 


(Horsepower Per Cubic Inch of Metal Removed per Minute) 
Operation 


——-———_ I, 

Material Planing Drilling Milling 
PCE TEES Tee 1.00 1.00 1.00 
Bearing bronze (70Cu-25Pb- 

Pa): cs sed ce hwee awees se Ree 1.20 6 
No. 12 Aluminum alloy....... 2.21 1.69 1.57 
No. 31 Aluminum alloy....... 2.58 2.21 1.56 
Yellow brass (70Cu-27Zn-2Pb- 

RD cdr cleaush < ee Rees 0 eae 2.22 2.02 2.58 
ee ee EE. a is 6. oh 60.0 0 08 2.26 1.76 2.10 
Ce NE nk 8 kd vk oat ee ak BO « 4.08 3.41 3.05 
Py SOAS 6 ad nanan wae. +s 5.89 4.91 6.13 
Steel screw stock......ccceces 7.03 5.45 5.36 
RG ° BRK ng 0. dace ele ae a 6.88 6.50 5.83 
Copper annealed ........0..00. 7.49 10.00 5.49 
SS was caw was ceaere we 12.35 13.00 9.06 
OS Ee ee 13.32 8.20 8.72 


Reducing Machining Costs 


It has been found that production costs frequently 
are lowered by the use of Dowmetal parts due to 
the remarkable machinability of magnesium, which 
is generally considered to be better than that of any 
other common metal, Experience in the average ma- 
chine shop has proven that practically all machine 
tools can be run at their maximum speeds and with 
feeds at the full capacity of the machine. Cuts as 
heavy as 1/, in. at feeds of 20 ft. per min. down 
to lighter cuts at 700 ft. per min. are being used 
for turning these alloys. This characteristic, with its 
attendant lowering in power requirements and costs, 
is illustrated by Table III which is based largely on 
work done by O. W. Boston (Trans. Amer. Soc. 
Steel Treating, Vol. 16, 1929, pp. 678-679). 

Such excellent machinability contributes to a lower 
overall cost of completely finished castings, or other 
parts, generally; but it is particularly true in the en- 
graving industry where the cost of machining or 
routing may be the majer cost of the job. As pre- 
viously mentioned, the easy machinability of Dow- 
metal has led to a wide use for printing plates, and 
rolled Dowmetal E, because it possesses maximum 
strength and hardness, is generally specified. 

Brass was formerly used almost exclusively be- 
cause of its machinability but in some cases ma- 
chining costs have been reduced as much as 30 per 
cent by substituting Dowmetal. Although rubber 
printing dies are generally made from the engraved 
plates, the latter are sometimes used directly for 
printing, particularly on bags, boxes, or cartons. 
For such service magnesium alloys have a much 
longer life than ordinary type metal. 

Besides substituting Dowmetal for brass engrav- 
ing plate; many plants have replaced zinc backing 
plates on rubber dies ‘with Dowmetal backing plates 
for the following reasons: 

a. To increase the ease of handling. 


b. To reduce the possibility of damage if dropped. 
c. To reduce the transportation cost on rush shipments. 
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Utilizing Unique Chemical or Physical Properties 


The purely chemical uses of magnesium as an es- 
sential constituent in zinc and aluminum alloys, as 
deoxidizer for non-ferrous alloys, as powder for mili- 
tary pyrotechnics, and as shavings in organic syn- 
thesis by the Grignard Reaction are generally known. 
It should be noted that commercially pure magnesium 
and not alloy, is used for the applications just 
mentioned. 

In an earlier paper in METALS AND ALLOYS 
Mr. Robert T. Wood (February, 1940) discussed 
magnesium for photoengraving work and in detail de- 
scribed why its chemical and physical properties make 
it eminently suitable for this process. The conclu- 
sions of this article were: 


1. Magnesium plates can be processed by all three 
commonly employed light-sensitive tops. 

. Magnesium plates are suitable for line-cuts, coarse 
screen or fine screen work, and thus capable of 
replacing both copper and zinc, allowing the plant 
to standardize on one plate material and one 
processing method. 

3. Magnesium plates can be processed more rapidly 
than either copper or zinc plates. 

4. Magnesium plates allow longer runs when used 
for direct printing. 

5. Magnesium plates will make more and _ better 
mattes. 

6. Magnesium plates weigh less than one-fourth as 
much as zinc plates and less than one-fifth as much 
as copper plates which results in greatly lowered 
mailing cost to firms that ship plates long dis- 
tances. 


N 


Although the author has pointed out that the above 
process is still experimental and that more work re- 
mains to be done before magnesium is marketed for 
this purpose generally, it serves as a pertinent illus- 
tration of an application utilizing its unique chemical 
properties. 

Of a different nature, the electrical and casting 
properties of magnesium are utilized to advantage 
in the pressure die casting of rotors for electric mo- 
tors. The general advantages of die casting rotors 
are not only that the process produces sounder and 
more uniform rotors, but it also permits changes in 
shape and cross sectional area which would be im- 
practicable with rod or wire of fixed commercial 
standard gages. Aluminum and magnesium alloys 
are both used for. this purpose and the electrical 
properties of the latter are such that they are par- 
ticularly suited for high torque rotors. 

Some of the various ways in which magnesium 
alloys have been utilized to advantage in industrial 
work have been mentioned and many others exist. 
ldesigners and metallurgists, in their constant search 
co find better materials and better ways of accom- 
plishing desired results, are developing an ever-in- 
creasing field of applications for these alloys. New 
alloys constantly are being developed which, in turn, 
open new fields of application. This condition has 
led to an exceedingly rapid growth of the use of 
magnesium alloys in the short 20 years since they 
were first commercially produced in this country. 





Correction—Addenda—s,. rhe article—"Properties and Heat Treatment of 9 Per Cent Cr—1.5 Per Cent Mo 
Cast Steels” —in our November, 1940, issue, pages 615 to 619, two photomicrographs were unavoidably 
omitted. They are referred to in the next to the last paragraph at the end of the table on page 619, and in 


he table of data following that paragraph. 


To further round out the discussion and complete the data, they are reproduced herewith, 
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BATTEGY 


Lhe metallography of the stainless steels is very 
complicated, due largely to the many variations in 
composition and to the effects of heat treatment on 
these. Etching and polishing are important factors in 
the successful examinations of these steels and in 
their inter pretation. 

Connected as the author is with a company that 
makes only these steels, his experience in this field 
has been broad and he discusses the subject in its 
many phases in a practical and authoritative manner. 

The Editors. 











identify and interpret the structural constituents of 

metals and alloys. To accomplish this it is neces- 
sary to produce a highly polished surface, and to etch 
this surface, selectively, with the proper reagent so 
that the chemically or physically distinct parts may 
be rendered visually apparent and distinguishable to 
the greatest degree. Etching is used to produce in 
one way or another an increased optical contrast 
between the various structural components, since the 
polished surface of a metal will usually show no 
trace of its metallic structure, all incident light being 
reflected in the same way over the whole of the 
polished area. The requisite optical contrast is made 
possible by selective attack, or selective coloring, of 
the polished surface of the specimen, and is due to 


Te AIM OF THE METALLOGRAPHIST is to reveal, 








Practical Metallography of the 


Fig. 1. Diagram of 
apparatus for electro- 
lytic polishing the 
stainless steels. 
(Courtesy: Interna- 
tional Tin Research 
and Development 


Council.) 


VARIABLE WESISTANCE 


varying degrees of resistance to the chemical action 
of the etching reagent possessed by the various 
constituents. 

The host of new ferrous alloys developed within 
recent years had compelled the metallographist to 
employ new methods and reagents for developing 
their structures. The proper etching of the iron- 
chromium and iron-chromium-nickel alloys, common- 
ly known as stainless steels, is a difficult task, and 
the utmost in technique and ingenuity is necessary 
if satisfactory results are to be obtained. 

Numerous methods have been proposed for polish- 
ing stainless steel specimens for microscopic exami- 
nation and most of them produce satisfactory results 
when properly carried out. Several types of auto- 
matic polishing machines are available which are 
reported to produce good results and serve to elimi- 
nate a great deal of drudgery associated with hand 
polishing. However, perfectly acceptable specimens 
can be prepared by hand grinding on emery paper, 
followed by wet polishing on horizontal wheels 
covered with broadcloth impregnated with levigated 
alumina or jeweler’s rouge. The principal precau- 
tions to observe when polishing the stainless steels 
is to prevent surface distortion by cold working and 
the formation of polishing pits. The best results 
are obtained when just sufficient grinding or polish- 
ing is done at each operation to remove the effects 
of the previous operation. In many cases, etching 
lightly and repolishing on the final broadcloth wheel 
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is helpful in minimizing effects of surface distortion 
occurting during polishing operations. 


Electrolytic Polishing 


The conventional method for preparing metal- 
lographic specimens, involving as it does grinding 
and polishing, has disadvantages because even the 
mildest form of mechanical polishing alters to some 
extent the original character of the surface metal. 
In order to overcome this condition, an electrolytic 
polishing process has been developed which is re- 
ported to avoid any mechanical work and yields 
smooth surfaces, particularly suitable for micro- 
scopical examination and having a higher reflectivity 
than is commonly produced by grinding and polish- 
ing. A diagram of an apparatus suitable for electro- 
lytic polishing is shown by Fig. 1. 

The solution recommended for electrolytic polish- 
ing the "18 and 8” type stainless steels consists of 
765 c.c. acetic anhydride, 185 c.c. perchloric acid 
(d.-1.61) and 50 c.c. water. In preparing this solu- 
tion, the anhydride should be poured very slowly 
into the well cooled perchloric acid and the water 
added last. The solution should be allowed to stand 
about 24 hrs. before using. For polishing, the cur- 
rent density should be at least 10 amps per sq. dm. 
and voltage between 50 and 60. In addition the 


hy STANLEY P. WATKINS 


Manager, Development Division, 
Rustless Iron and Steel Corp. 
Baltimore, Mad. 


solution should be maintained at a temperature below 
30 deg. C. If the surface is fairly smooth, polishing 
is effected in about 5 mins. During electrolysis a 
viscous reddish-brown substance forms on the speci- 
men which can be removed by washing in water and 
alcohol. Perchloric acid reacts violently with organic 
substances and care should be exercised in handling 
this acid. 

The examination of a well polished sample of 
stainless steel will show the number and distribution 
of non-metallic particles (Fig. 2), but will reveal 
nothing of its metallic structure. In order to produce 
a contrast between its various constituents, it is 
necessary to use etching reagents. Etching effects an 
optical contrast between the different constituents by 
selective attack or selective coloring, which is pri- 
marily due to varying degrees of resistance to chemi- 
cal action possessed by the constituents present. The 
stainless steels are inherently highly resistant to 
chemical attack and for this reason the comparatively 
weak etching reagents used for developing the struc- 
tures of ordinary steels are not generally suitable. 

When a stainless steel alloy contains more than 


Fig. 2. (Left) Unetched structure of 18 and 8 stainless steel. Mag. 200X. Fig. 3. (Center) Etched struc- 
ture of 17 per cent Cr stainless steel. Martensite, the dark constituent, is less resistant to etchant than ferrite 


matrix. Etchant: 10% HCl in alcohol, electrolytic. Mag. 200X. 


Fig. 4. (Right) Etched structure of an- 


nealed 18 and 8 stainless steel. Etchant: HCl-copper sulphate. Mag. 100X. 
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one phase, the various phases are generally attacked 
with different intensities (Fig. 3). The more strongly 
attacked areas usually become roughened and, there- 
fore, appear darker when viewed under vertical 
illumination. 

On the other hand, when an alloy consists of only 
one phase the various crystals will, after etching, 
usually appear to be of different degrees of bright- 
ness (Fig. 4). This is often referred to as the 
“oriented lustre’’ of metals, and is due primarily to 
a difference in shape and orientation from one crystal 
to another. 

In general, the etching reagents used in the metal- 
lographic study of stainless steels are dissolved in 
water, glycerine, ethyl or methyl alcohol, or in mix- 
tures of these liquids. Since the methods used in 
etching these alloys are based solely upon chemical 
action it is important that the polished surfaces be 
“wetted.” An aqueous solution wets a metallic sur- 
face much more unevenly than solutions in alcohol, 
which is primarily due to the latter’s property of 


Table 1. 


Reagent Composition 


1 1 part nitric acid 
“Aqua 2 parts hydrochloric acid men 
regia 3 parts glycerol 


glycerol’’ 


Use freshly prepared. Warm speci- 
in hot water before etching. 
Etching time 3 to 10 secs. Pro- 
posed by Vilella. 


readily dissolving grease. Therefore, it is easier to 
obtain uniform etching with alcoholic solutions. In 
addition, solutions in alcohol have another advan- 
tage in that, due to their lower dissociation, they 
can be made considerably more concentrated than 
aqueous solutions without becoming too powerful 
in their action. In this respect, solutions in glycerine 
act similar to those in alcohol. 


Reagents for Immersion Etching 


In the etching of stainless steels for microscopic 
examination, it should be borne in mind that they 
readily become passive, and that in general a reduc- 
ing condition rather than an oxidizing one, which 
favors passivity, should be maintained during etching. 
For this reason most of the reagents for etching these 
alloys contain hydrochloric, hydrofluoric or sulphuric 
acids. However, nitric acid is often used alone or 
mixed with hydrochloric acid to form aqua regia. 
The method in general used for etching stainless 


Reagents used in the Immersion Etching of Stainless Steels for Microscopic Examination 
< 


Remarks Recommended Use 


Structures of iron-chromium and 
iron-chromium-nickel alloys. 








2 2 parts hydrofluoric acid Amount of glycerol may be varied Structures of the high-silicon alloys 
1 part nitric acid to suit metal. Proposed by Vilella. of the duriron type. 
2 to 4 parts glycerol 
3 1 part nitric acid Proposed Vilella For etching the austenitic stainless 
2 parts hydrochloric acid steels 
2 parts glycerol 
1 hydrogen peroxide 
4 Saturated solution of ferric chloride Use full strength Structures of all types of stainless 
in HCl, to which a few drops of steels 
nitric acid are added 
5 4 gm. copper sulphate Proposed by Marble Structures of all types of stainless 
20 ml. HCl steels 
20 ml. water 
6 25 parts HCI Activity is controlled by amount of Heat treated austenitic stainless 
“Chrome 5 to 50 parts of 10% chromic acid chromic acid. Proposed by Newell. steels 
regia”’ 
7 1 part nitric acid Reagent should stand 24 hrs. before Structures of all types of stainless 
Aqua 3 parts hydrochloric acid using. Use full strength for rapid steels 
regia work, but requires careful handling. 
8 5 gms. ferric chloride Use full strength. Apply with piece Structures of austenitic stainless 
50 ml. hydrochloric acid of cotton and swab gently. steels 
100 ml. water 
9 10 ml. hydrochloric acid Use boiling Structures of all types of stainless 
90 ml. water steels 
10 100 ml. hydrochloric acid Use full strength Structures of all types of stainless 
100 ml. water steels 
7 gms. mercurous nitrate 
11 20 ml. hydrochloric acid Use cold Useful for determining orientation of 
20 ml. water grain boundaries 
4 gms. copper sulphate 
12 10 gm. potassium ferri-cyanide Use freshly prepared boiling solution. Reveals free carbides in the stain- 
“Murakami” 10 gm. potassium hydroxide Etching time is 15 secs. to 3 mins. less steels 
100 ml. water Proposed by Murakami. 
13 4 gms. potassium permanganate Use just under boiling point. Etch- Reveals free carbides in the stain- 
1 gm. sodium hydroxide ing time 1 min. Proposed by less steels. 
100 ml. water Groesbeck. 
14 5 ml. hydrochloric acid Proposed by Vilella Martensitic and ferritic stainless 


1 gm. picric acid 
100 ml. ethyl alcohol 


steels 
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Table I1—Reagents used in the Electrolytic Etching of Stainless Steels for Microscopic Examination 


steel specimens for microscopic examination is to 
wet the polished surface with alcohol and immerse 
in the etching reagent for a definite period. Often- 
times it may be advisable to lightly swab the surface 
of the specimen with a wad of cotton to effect a 
more uniform attack. However, due to the passivity 
of polished stainless steel surfaces, immersion etching 
of these alloys is not generally as satisfactory as 
electrolytic methods. Table I lists the more common 
reagents used in the immersion etching of the stain- 
less steels. 

The electrolytic method for etching is particularly 
useful for developing the structure of stainless steels, 
as it effects a uniform attack and tends to prevent 
surface passivity during etching. Fig. 5 shows a 
diagram of apparatus suitable for electrolytic etching 
of the stainless steels. 

The solutions employed as electrolytes depend 
upon the nature of the alloy and the constituent to 
be revealed. Table II lists the solutions generally 
used in the electrolytic etching of the stainless steels. 

It is not considered proper to comment on the 
merits of the various reagents given in Table I and 
II, because it is believed that the final result depends 
largely upon the individual's experience with a par- 
ticular reagent. Each of the reagents possesses dis- 
tinctive merits and disadvantages; thus seme produce 
a one-color structure in which the grain boundaries 
are emphasized, others color the individual grains 
in relation to their orientation, and some preferen- 
tially etch certain constituents. However, the ‘Aqua 
Regia-Glycerol” reagent proposed by Vilella and the 


Reagent Composition Remarks Recommended Use 

| 20 ml. perchloric acid (70%) Etching 20 secs. to 2 mins, Austenitic stainless steels 
80 ml. water Proposed by W atkins 

2 10 ml. hydrochloric acid Etching 10 to 30 secs. Pro Martensitic and _ ferritic stainless 
10 ml. methyl alcohol posed by Merritt steels 

3 5 ml. hydrochloric acid Etching 10 to 30 secs. Pro- Martensiti and ferritic stainless 

*Lactol” 50 ml. methyl alcohol posed W yche steels 

50 ml. lactic acid 

4 Cone. nitric acid Etching time 1 to 5 secs. Action is Austenitic stainless steels 

extremely rapid 

5 10 gms. oxalic acid Etching time 30 secs. to 3 mins Austenitic stainless steels 
90° ml. water 

¢ 1 part “chrome regia” Etching time 20 secs. to 1 min Austenitic stainless steels 
2 parts alcohol 
2 parts glycerol 

7 10 gms. sodium cyanide (less than Carbides revealed after 1 to 5 mins. Free carbides in all types of stain 

0.20% Cl) Etching at 0.5 to 1.0 amp. and 6 less steels 

90 ml. water volts. Proposed by Groesbeck. 

8 10 gms. ferric oxalate Etching 2 mins., at 0.1 amp. Free carbides in all types of stain- 
90 ml. water and 60 volts less steels 

9 10 gms. potassium ferri-cyanide Etching time 2 mins., at 0.50 amps Free carbides in all types of stain- 
90 ml. water and 6 volts less steels 

10 10 gms. tartaric acid Etching 5 mins., at 0.10 amp. Free carbides in all types of stain 
90 ml. water and volts less steels 

11 18 gms. chromic acid Etching 15 to 20 secs. at 0.50 Free carbides in all types of stair 
100 ml. water amps. and 6 volts less steels Prolonged etching 

reveals structure. 


alcoholic-hydrochloric electrolyte proposed by Mer 
ritt are generally recognized as the best reagents for 
all round use in etching stainless steels for micro- 
scopic examination. For revealing free carbides, 
Murakami's reagent and Groesbeck’s sodium cyanide 
reagent are generally considered the most reliable. 

Heat tinting can be used to effect in differentiating 
between the various constituents in the stainless steels 
as illustrated by Figs. 6, 7 and 8. 

The constitution of the stainless steels has been 
thoroughly investigated during the past few years 
and numerous articles and books have appeared on 
the subject. The fundamental changes occurring 


Fig. 5. Diagram of apparatus for electrolytic etch- 
ing the stainless steels. 











Fig. 6. (Left) Etched and heat-tinted structure of 27 per cent Cr stainless steel. White areas, carbides in fer. 
rite matrix, Heat-tinted at 1100 deg. F. for 5 min. Mag. 200X. Fig. 7. (Center) Etched out and heat-tinted 
structure of 18 and 8 stainless steel. White areas, delta ferrite in austenitic matrix. Heat-tinted at 1100 deg. 
F, for 5 min. Mag. 200X. Fig. 8. (Right) Etched and heat-tinted structure of 12 per cent Cr stainless steel. 
White areas, alpha ferrite in martensitic matrix. Heat-tinted at 1100 deg. F. for 5 min. Mag. 200X. 


when these alloys are heat treated is fairly well known 
among users, but it is deemed worth while to briefly 
discuss some of the more important of these changes 
which will be helpful in understanding and inter- 
preting the structural transformations occurring in 
processing the stainless steels. 


Importance of Chromium 


The element imparting the valuable properties of 
high resistance to heat and corrosion to the stainless 
steels is chromium. It possesses the unique property 
of protecting itself against corrosion in spite of a 
great tendency, at the same time, to unite with 
oxygen. In fact, it is generally believed that a fresh 
surface of chromium metal, when exposed to the air, 

becomes oxidized almost instantly, but that this thin 
and invisible film of oxide is itself of such a nature 
as to be continuous, impervious, and highly stable. 
Thus, the corrosive action which begins with great 
rapidity is abruptly terminated the very instant it 
begins. The existence of such a film on the surface 
of the stainless steels is no idle speculation as it has 
actually been isolated. Further, the film can be made 
more resistant, and possibly thicker, by exposure to 
highly oxidizing media such as nitric acid and potas- 
sium dichromate. 

This valuable property of pure chromium is also 
conferred upon the base metal iron when it is present 
in amounts above about 10 per cent. Pure chromium 
is expensive and in addition is not sufficiently ductile 
for hot or cold forming. Consequently, it is a for- 
tunate circumstance that as little as 10 per cent 
chromium, when in solid solution in iron, will impart 
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true stainless characteristics to the resulting alloy. 
Also, these iron-chromium alloys, up to 30 per cent 
chromium, are workable and can be fabricated by any 
of the ordinary methods. Thus far, out of the many 
possible elements which could be alloyed with iron 
or steel, chromium is the only one yet found which 
will impart to these base metals, at a reasonable cost, 
high resistance to corrosion and oxidation. Gradual 
increase in chromium content above 10 per cent 
results in a progressive, though not proportional 
increase in resistance to heat and corrosion. 


Nickel and Other Elements 


Although chromium is the chief alloying element 
in iron and steel for inhibiting corrosion and oxida- 
tion, other elements may be alloyed, in combination 
with it, to obtain special characteristics. The most 
important of these is nickel and when it and chro- 
mium are added in correct proportions, the resulting 
alloy, of which the well known “18 and 8” stainless 
steel is a type, is non-magnetic, extremely ductile and 
highly resistant to most corrosive conditions encoun- 
tered in industry. In addition, other elements are 
added, such as molybdenum to increase resistance to 
certain acids, and silicon to reduce scaling and oxida- 
tion at high temperatures. Sulphur and selenium in 
amounts above about 0.15 per cent impart free- 
cutting and non-seizing properties. Tungsten in- 
creases strength at elevated temperatures and titanium 
and columbium are helpful in minimizing carbide 
precipitation in the austenitic stainless steels, thus 
reducing their susceptibility to intergranular corrosion 
However, from a practical standpoint, intergranular 
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corrosion of the 18 and 8 stainless steels can be 
minimized by maintaining the carbon content below 
about 0.07 per cent. 

As chromium is the chief alloying element in the 
stainless steels, the metallurgy of these alloys is essen- 
tially a study of the effect of chromium on the iron- 
carbon constitutional diagram. it is general assumed 
that chromium exists in solid solution with iron in 
all concentrations provided the carbon content is 
extremely low. Full corrosion resistance is only de- 
veloped when all the chromium is retained in solid 
solution. In the presence of a small percentage of 
carbon (over about 0.02%), chromium combines 
with it to form carbides, generally considered to have 
the chemical formula of Cr,C, containing about 94 
per cent Cr with possibly some iron and manganese 
also present. Regardless of their exact formula, it is 
sufficient to know that these chromium-rich carbides 
occur as dispersed particles in the annealed straight- 
chromium stainless steels and in the “sensitized” 18 








and § stainless steels, thus impoverishing the sur- 
rounding alloy of chromium with consequent reduced 
resistance to corrosion. 

It follows then that the corrosion properties of the 
stainless steels are in proportion to the amount ot 
chromium retained in solid solution, and any un 
dissolved carbides present in the structure represents 
a wastage of effectual chromium. At high tempera- 
tures these carbides are dissolved and may be retained, 
partly in supersaturated solution by rapid cooling. 
In the annealed straight-chromium stainless steels, the 
maximum amount of chromium is retained in solid 
solution by maintaining a low carbon content. In the 
case of the hardenable types of stainless steels, with 
carbon content below about 0.30 per cent, the car 
bides are dissolved by heating to 1850 deg. F. and 
retained in supersaturated solid solution by cooling 
rapidly. Thus, the entire amount of chromium pres- 
ent becomes effective as it is in solid solution. 

(To be Continued) 





Fig. 9. (Left) Effect of chromium additions on the acid resistance of ordinary low carbon steel. (Rollason) 
Fig. 10. (Right) Effect of nickel additions on the acid resistance 
(Rollason) 
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of 18 per cent chromium stainless steel. 
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Special-lron Castings fomye 


BY $.$. BOARD, JR. 


Engineer, Farrel Birmingham Co., Inc., Ansonia, Conn. 


Modern machine tools and other heavy machinery must operate under loads 
and speeds unheard of a decade ago, yet the tolerances and clearances involved 
in the design of such products have not permitted compensating increase in 
sections. The engineer's answer to this ‘‘squeeze play” has been the wider use 
of metal-forms of greater strength and toughness than ordinary cast iron 
welded steel, steel castings, alloy cast iron, special-process iron castings, etc. 

At Farrel-Birmingham the desired balance between product performance, 
processing flexibility and production costs has been found in the use of Mee- 
hanite for all castings formerly made of gray iron and for some formerly made 
of steel. Meehanite is a special cast iron made by a proprietary process involv- 
ing the use of calcium silicide additions together with systematized control ot 
charge, iron composition, melting and pouring temperatures, mold practice, et 
Guaranteed minimum tensile strengths up to 50,000 Ibs. per sq. in. are availabl. 
in the most-used grades of this material, with higher strengths possible throug} 
heat treatment or alloying. In changing over from ordinary cast iron or alloy 
iron to Meehanite, sections were generally not redesigned or reduced, but wer 
stressed much higher, greater horse-power being put into each machine an 
greater output extracted. 

Glimpses of some of the products and components that we are now makin; 
of Meehanite are presented on this page. In their manufacture and operatio: 
other advantages have been noted—highly accurate surface-machining qualitie: 
because of the close-grain structure and uniformity of the material, ease o 
casting of Meehanite, lower mass-sensitivity than ordinary cast iron, better cor 
rosion resistance, amenability of certain grades to heat treatment and flame 
hardening, etc. Close-up views of several operations in the manufacture fron 
Meehanite of a heavy-duty roll grinder and other products appear on the fol 
lowing pages. 


At left: Top—A sugar-mill housing, bedplate and scraper, all of Meehanite, 

for strength and wear resistance. Middle—Drive gears on Gordon plasticators 

are made of Meehanite to withstand stresses, shocks and wear. Bottom—Many 

of the castings in this 22 in. x 48 in. plastics mill and drive unit are made of 
Meehanite. 


Below: Left—An 18 in. x 24 in. rolling mill, reduction drive and pinion 

stand, the principal castings of which are made of Meehanite. Middle—End 

frames for Banbury mixer, which are required to have high strength. Right 

The high damping capacity of these Meehanite drive cases for the Maritime 

Commission C-1 ships contributes to the smooth, quiet operation of the pro- 
pulsion units. 
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OHeavy Machinery—a pictoriat account 








In the heavy duty roll grinder 
thown here, the inverted V 
ways are cast separately from 
the bed and a different type of 
Meehanite is used for each. 
The so-called GE erade is 
employed for the beds, which 
must support the work and 
wheel units and dampen wt- 
brations that might be trans- 
mitted to the work. The GC 
grade is used for the ways, 
for which a_ close-grained 
wear-resisting metal easily 
scraped to a smooth finish is 
required. 


In casting the 18-ton roll 
grinder bed, Farrel-Birming- 
ham em plo 5 the Randupson 
process, in which the ma- 
terial of the mold is a silica 
sand bonded with cement. 
The mold material is formed 
into blocks, and the illustra- 
tion shows the core-setting 
operation. Metal enters the 


mold simultaneously from 


gates at both ends. 








After the Meehanite casting is cleaned of sand 
it is placed in the stress-relieving furnace, il- 
lustrated, to remove casting stresses. This as- 
sures that the bed will not change its shape afte! 
machining. The complete cycle requires 48 
hrs.; the fem perature ranges Jrom room tlem- 
perature at the beginning to a maximum of 
1200 deg. F. and back to room temperature 
when the bed is removed. 


, ; ; ; ; 
Here 1s the bed casting, ready for machining 


Ne le [Pal the hed Was molded and Cast in the 
oppusite position to that in which it will ulti 


mately be used. 





[he outstanding machining 
properties of Meehanite are es- 
pecially evident in finishing the 
ways of the roll grinder. A 
highly-accurate hand-tooled fin- 
ish is possible, and resistance to 
wear and abrasion of the ways is 
(0 great that surface hardening 
is unnecessary. In this picture 
the transverse way of the wheel- 
head sub-base is being hand- 
scraped, while the roll crowning 
device is being assembled on the 
sub-base. 


Here another roll grinder com- 
ponent—the headstock—is being 
bored on a horizontal boring 
mill to produce the sleeve into 
which the center is later driven 
The Meehanite headstock cast- 
ing is 4 ft., 6 in. long, with a 
wall thickness of 11/4 in. in 
most places. Since dead-center 
precision is required, the im- 
portance of having an accuratel 
machinable material is evident. 
Here again, and also in the next- 
thown operation, high speed 
steel tools are used. 
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The important operation of planing the front sidewall of the 28 ft., 

8 in. long grinder bed is shown at the left. High speed steel tools 

ave used and the easy machinability of Meehanite is a real asset in 
finishing these castings. 

















The Banbury mixers so widely used in 
the rubber and plastics industries draw 
heavily on strong, tough, accurate- 
finishing materials. This is a view of 


a 64-in. cut spur drive gear blank for 


uch a mixer being finish-turned on a 
72-1n. vertical boring mill before 
tooth-cutting. The Meehanite casting 


y , - Sana I< iz 
has a 15-in. face and weighs 5150 Lbs. 


Flame-hardened Mee- 
hani'e rolls are used for 
rubber and plastics 
working, and man) 
other purposes. For 


large rolls a special ver- 
tical roll-hardening ma- 
chine like that illus- 
trated is used, the roll 
being rotated while its 
surface is treated by the 
torch-and-quench unit; 


surface hardnesses ove 
500 ~Brinell are pro- 
duced this way. The ab- 
solute structural uni- 
formity essential to the 
successful flame-hard- 
ening of iron castings 
is characteristic of Mee- 
hanite. 
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HE DIFFUSION OF VARIOUS METALS into solid 

aluminum is of importance in a number of ways: 

A knowledge of the factors determining rates of 
diffusion in solid alloys will increase as more data 
are obtained; the process of homogenization and the 
process of precipitation-aging are both processes the 
rates of which are at least in part dependent upon 
the rates of diffusion; in the annealing of alloy 
sheets coated with pure aluminum, it is important 
that the pure aluminum coating shall not be con- 
taminated by too extensive diffusion outward of the 
alloying elements in the core alloy—by a knowledge 
of diffusion coefficients, heat-treating cycles may be 
devised to avoid this. 

Measurements of the rates of diffusion of a number 
of elements in aluminum have been made by G. 
Grube and R. Haefner,’ A. Burkhardt and G. Sachs,? 
H. R. Freche,* R. M. Brick and A. Phillips,* W. 
Bungardt and F. Bollenrath,® and A. Beerwald,® 
whose results are assembled in Fig. 1. These values 
show the variation of the diffusion rate with tem- 
perature, but not with alloy concentration. Since 
in some cases the diffusion coefhcient is changed 
as much by a variation of one per cent in concen- 
tration as by a variation of 50 deg. in temperature, 
it is evident that the effect of concentration is an 
important one. 


Object of the Research 


The present research has been designed to deter- 
mine the variation of the diffusion coefficient with 
alloy concentration as well as with temperature in 
the aluminum-rich solid solutions in the systems 
Al-Cu, Al-Mg, Al-Si, Al-Ag, and Al-Zn. A sum- 
mary of the results is shown in Fig. 1, where the 
shaded areas denote the range of values of the 
diffusion coefficient between the concentration limits 
specified. 

Many of the previously published values fall 
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within the shaded areas of Fig. 1, suggesting that 
the differences among the various investigators have 
not always been the result of errors in measurement, 
but may sometimes have been caused by a difference 


Fig. 1. Previously reported values of the diffusion 

coefficient of Cu, Mg, Si, Ag and Zn in Al indicated 

by points and identifying symbols. Shaded areas in- 

dicate the range of the diffusion coefficient between 

the alloy concentration limits indicated as determined 
. in the present research. 
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T able 1.—Core Analysis—Balance Al 
Alloy No. Si Fe Cu Mg Ag Zn 
100, 200, 300 0.01 0.01 6.96 ~~ — —— 
1,600 0.01 0.01 0.01 2.49 — sisiebieens 
1,800 2.54 0.01 0.01 —— —- -- 
1,900 0.01 0.01 0.02 ~~ 10.28 —— - 
2,000 0.01 0.01 0.03 -—- 19,82 —— 
2,100 0.01 0.01 0.01 - ——- 20.18 
2,200 0.01 0.01 0.01 - —- 40.02 
Surface Layers 0.01 0.03 0.01 ~- —— —-— 
Table Il 
Intermediate value of VY 
Diffusing Metal cal. per gm. mol. 

Cu 33900 

Meg 32200 

he} | 31500 

Ag 38500 

Zn 25800 


Fig. 2. 


concentration at 504 deg. 


Variation of the diffusion coefficient with 
148 deg. C. and 400 
deg. C. in aluminum-copper alloys. 
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Fig. 3. Variation of the diffusion coefficient with 


concentration at 500 deg. C., 448 deg. C. and 400 
deg. C. in aluminum-magnesium alloys. 
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in the alloy concentration with which each value is 
to be associated. Where experimental errors have 
occurred their source lies most commonly in the 
presence of a film of aluminum oxide between the 
two parts of the diffusion couple, for aluminum 
oxide is capable of interfering with diffusion and 
its presence may lead to low values for the diffusion 
coefficient. Thus the values given by Beerwald, who 
simply brought pieces of pure aluminum and an 
alloy into contact without extensive precautions to 
eliminate the oxide film, are lower than those of 
other investigators who took more elaborate pre- 
cautions to insure intimate contact at the diffusion 
interface. 

Among the techniques that have been used the one 
that appears to give the most positive assurance of 
the destruction of the oxide film is that employed 
by Freche, who rolled composite slabs of pure alu- 
minum and the aluminum alloy containing the dif. 
fusing element. In this way the total area of oxide 
remaining at the interface in the finished sample 
is limited to the original contact area before rolling 
and the oxide must furthermore be disintegrated and 
widely dispersed so that its influence upon diffusion 
is minimized. 


Experimental Procedure 


Sheets of pure aluminum, 0.375 in. thick, rolled 
from a commercial 7 in, x 14 in. x 28 in. ingot were 
annealed for two hours at 413 deg. C. Alloys, Table 
I, made from pure aluminum were melted in plum- 
bago crucibles and cast as ingots 1.5 in. x 8 in. x 
7 in., weighing 8 lbs. each. These were taken from 
the mold hot, placed between pure aluminum slabs, 
cooled to 455 deg. C., and reduced 0.125 in. in 


Fig. 4. Variation of the diffusion coefficient with 
concentration at 501 deg. C., 448 deg. C. and 400 
deg. C. in aluminum-silicon alloys. 
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thickness by rolling to produce a bond. The silver 
alloys were made in 4-lb. ingots. To promote homo- 
genization, the copper, magnesium, and silicon slabs 
were then heated for 12 hrs. at 477 deg. C., of which 
time about 5 hrs. was required to reach the specified 
temperature, The silver and zinc alloys were heated 
for a similar time at 385 deg. C. Upon removal 
from the furnace, the slabs were cooled to a suitable 
working temperature and rolled to a thickness of 
0.375 in., the copper, magnesium, and silicon alloys 
being rolled at 455 deg. C. and the silver and zinc 
alloys at 315 deg. C. 

From the most perfect section of each finished 
sheet, strips 1 in. x 6 in. were cut for the diffusion 
studies. Samples of each alloy were heated in dupli- 
cate for 100 hrs. at 400 deg. C., 450 deg. C., and 
500 deg. C. (except the zinc alloys which were 
treated at 400 deg. C. and 450 deg. C. only). The 
distribution of the alloying element in the coat and 
core of the sample was then determined by machin- 
ing off layers and analyzing the steps either chemi- 
cally or spectrographically. 

For chemical analysis layers 0.005 in. thick were 
cut with a shaper parallel to the interface between 
the coat and core of the sample, the location of 
which was determined by etching the edges of the 
sample to reveal the junction. Each layer was ana- 
lyzed separately and all of the metal taken in each 
ut was included in the analytical sample so that a 
true average composition at each level was obtained. 
In all, 10 layers and the core material were analyzed 
for each sample. 

For the spectrographic analyses the samples were 
ut in a series of steps, each 0.005 in. deeper than 
the next, and the test spark was located in the center 
of each step. Small variations in the local composi- 


Fig. 5. Vartation of the difusion coefficient with 
concentration at 508 deg. C., 448 deg. C. and 400 


deg. C. in aluminum-silver alloys. 
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tion of the underlying alloy as well as in the regu- 
larity of the interface between the coat and core 
have a marked effect upon the results of the spec- 
trographic analyses and for this reason it was found 
necessary to average a number of readings in order 
to obtain values for the computation of the diffusion 
coefficient. 

Since the samples used in this investigation were 
all heated for various periods at different tempera- 
tures during their fabrication, it was necessary in 
calculating the diffusion coefficient to take into 
account a definite amount of preliminary diffusion; 
the amount of this preliminary diffusion was deter 
mined by analyzing “blank” samples that had no 
heat treatment subsequent to fabrication. 

The computation of the diffusion coefficient by 
the methods of Grube and Matano has been dis- 
cussed in previous papers.** In order to compensate 
for diffusion during fabrication a simple modificat#on 
in the computation is required. The diffusion co- 
efficient is computed in the usual way except that 
the time of diffusion is taken as the sum of the 
experimental time noted and an unknown value 
corresponding to the time equivalent of the diffusion 
during fabrication, The diffusion coefficient is simul 
taneously computed from the “blank” sample in 
terms of the unknown time, ¢. This gives two 
simultaneous equations with two unknowns, /, and 
the diffusion coefficient, D, and from which the 
value of the latter is obtained by substitution. 


Discussion of Results 


The results are presented in Figs. 2 to 6. In all 
cases where the Matano method of analysis is ap- 
plicable (in single phase systems) it has been used. 


Fig. 6. Variation of the diffusion coefficient with 
concentration at 450 deg. C. and 400 deg. C. in 
aluminum-zine alloys. 
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Elsewhere the Grube method has been employed. 
Although the Grube solution is derived upon the 
assumption that the diffusion coefficient is inde- 
pendent of concentration, it has been found that the 
values obtained by its use when it is applied over 
a series of concentration ranges agree very closely 
with those obtained by the Matano method. Its use 
for the determination of the diffusion coefhcient as 
a function of concentration in cases where the 
Matano solution cannot be applied appears not to 
have resulted in an error larger than those inherent 
in the experimental data. 

The accuracy of the determination of diffusion 
coefhcients has been discussed in connection with 
similar studies upon the alloys of copper* where it 
was pointed out that the largest errors are introduced 
by (1) imaccuracy in chemical analysis, (2) uncer- 
tainty in the temperature of diffusion, and (3) un- 
certainty in the measurement of the slopes of the 
penetration curves. The chemical analyses may be 
regarded as accurate to within +0.08 per cent at 
low concentrations and 0.3 per cent at high con- 
centrations for the alloys containing Cu, Ag, and 
Zn. The spark spectrographic method was used for 
the Mg and Si analyses; because of the marked in- 
fluence of small irregularities in the interface when 
analyses are taken at single points, the effective 
accuracy is somewhat less than that normally ascribed 
to spectrographic determinations, perhaps +0.2 per 
cent. As a result, the diffusion coefficients reported 
for Mg and Si are not so accurate as those for Cu, 
Ag, and Zn; the values for Mg at 400 deg. C. and 
450 deg. C., owing to an imperfect weld between 
the pure aluminum and the alloy, must be considered 
as only approximations; they have not been used in 
drawing Fig. 1 and appear only as dashed lines in 
Fig. 3. 

_All heat treatments were carried out in a tem- 
perature-controlled muffle furnace equipped with a 
heavy aluminum block that limited the temperature 
range to +1 deg. C. No appreciable error is to be 
assigned to variations in the temperature of diffusion. 
Errors in the measurement of the slopes of the 
penetration curves are greatest near the zero and 
maximum concentration limits and, consequently, 
results have not been reported for concentrations in 
these ranges. 


General Trends 


Few general trends are evident in these results. 
We may note, however, that the diffusion coefficient 
increases with increasing solute concentration when 
the solute is low-melting, and decreases with solute 
concentration when the solute is high-melting; this 
behavior is orthodox. Other relationships may be 


noted: The diffusion coefficients appear to approach a 
common value of 20-25 °10°!° sq. cm. per sec. at 





500 deg. C. in the systems with Si, Ag, and Zn, and 
a value 6°10°'° sq. cm. per sec. in the systems with 
Cu and Mg. This behavior may be fortuitous; it 
will be remembered that in Cu-rich solid solid solu- 
tions the diffusion coefficients approached a common 
value at zero concentration,® but it will be observed 
in the present case that a single common value does 
not obtain; evidently the explanation advanced in 
the former case® cannot be advanced here. 

The precision of the measurements does not war- 
rant a calculation of the activation heat of diffusion 
O as a function of concentration; an average or in- 
termediate value may be obtained by drawing straight 
lines with slopes intermediate between the two ex- 
tremes of the shaded areas in Fig. 1; these values are 
listed in Table II. The magnitude of these values is 
the expected one. It will be noted that the value for 
silver, 38,500 cal., is much in excess of the activation 
heat approximated from the rates of precipitation in 
Al-Ag alloys; this demonstrates the importance of 
factors other than diffusion in determining the rates 
of precipitation,’ and, of course, shows also that the 
activation heat calculated in this way is too low, 
which is to be expected. 


Summary and Acknowledgment 


The diffusion coefficient D has been measured as a 
function of temperature and alloy concentration in 5 
Al-base solid solution systems. At 500 deg. C., for 
example, the following ranges of values of D are 
found: 5.8 to 1.5 x 10° sq. cm. per sec. between 1 
and 5 per cent copper; 11 to 21 x 10°'° sq. cm. per 
sec. between 0.25 and 2 per cent magnesium; 20 to 
7.5 x 10°'° sq. cm. per sec. between 0.2 and 0.7 per 
cent silicon; 20 to 11 x 15° sq. cm. per sec. be- 
tween 2.5 and 17 per cent silver; and (by extrapola- 
tion) 20 to 38 x 10°!° sq. cm. per sec. between 2.5 
and 32 per cent zinc. Values of the activation heat 
of diffusion are tabulated. 

We wish to express our appreciation to the Alumi- 
num Co. of America, and particularly to Dr. F. C. 
Frary, director of research, for their kindness in 
awarding one of us a fellowship and also for their 
cooperation in furnishing us with materials and with 
analyses. 
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Electrical Resistance Furnaces 


For High Temperatures 


the heating of electric furnaces by resistance 

heating-elements shows clearly certain trends of 
development, which are to be dealt with in the 
following article. 

The transformation of the electric energy, supplied 
to a resistance furnace, into heat energy, takes place 
either in the resistance of solid conductors or of 
molten salts (electrolytes). While in practice the 
upper temperature limit in heating by electrolytic 
conductors has probably been reached today, this does 
not seem to be the case when applying materials 
of the group of solid conductors. 


ie esins ON THE PROGRESS made recently in 


Four Heating Elements 


There are four different kinds of such heating 
elements: 


1. Resistance elements (wires, strips, etc.) of metals 
or alloys which are freely exposed to the furnace 
atmosphere, and which mostly are supported at 
various points by ceramic supports. 

2. Resistance heating rods on a silicon-carbide basis 
(made from a mixture of carbides and ceramic 
filling material) which frequently are only sup- 
ported at the two ends and are also freely exposed 
to the furnace atmosphere. 

3. Heating elements of metals with a high melting 
point, working in an atmosphere of protective 
gases with high surface temperature. 

4. Heating elements containing metals with a high 
melting point which are separated from the fur- 
nace atmosphere by a gas-proof protective casing. 


The use of heating elements of the first kind is 
limited to furnaces with temperatures up to about 
1200 to 1300 deg. C. (2200 to 2400° F.) The 
highest possible temperature depends, of course, on 
the use. Besides, at higher temperatures, the lifetime 
of the rods is strongly influenced by chemical re- 
actions, evaporation of single alloy components, etc. 
Furthermore, the lifetime is determined by the 
method of working the furnace, (intermittent or 
continuous working), by the gases and vapors given 
off by the heated body, by the arrangement of the 
heating elements (danger of sputtering in the melt- 
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ing furnaces), and by many other details of con- 
struction and operation. There are only slight 
possibilities of further raising the working tempera- 
ture by development of new resistance alloys. 

Silicon-carbide heating elements are suitable for 
temperatures up to about 1400 deg. C. (2550° F.), 
sometimes slightly more. The use of these heating 
elements is limited by the fact that at this high 
temperature a furnace atmosphere containing, for 
example, water vapor, deteriorates the rods more 
rapidly. It is hardly possible further to increase the 
temperature of the rod, i. e., to increase considerably 
the heat output per surface unit. Owing to the rela- 
tively small heat conductivity of this resistance mate- 
rial, as compared with metallic conductors, the 
temperature in the center of the rod is very much 
higher than that on the surface. Therefore, the rod 
starts to deteriorate chemically from the inside. On 
the other hand, this relatively small thermal and 
electrical conductivity has the advantage that the 
voltage drop on the rod at low currents is relatively 
high, even in the case of large rod cross sections, 
and that the losses of heat flowing to the ends of 
the rod are relatively small. In order to decrease 
further the “Joule” heat at the ends, metal is in- 
troduced into this part, and sometimes the cross 
section of the ends is increased. The “‘aging’’ of the 
rods (change of resistance) is a disadvantage regard- 
ing the operation of the transformer and the possi- 
bility of changing single rods. 


Use of a Protective Atmosphere 


For some time metals with a high melting point, 
like molybdenum and tungsten (melting points about 
2630° C. and 3380° C. respectively) have been used 
for special purposes in furnaces filled with protective 
gas. Such a construction is shown in Fig. 1. It is 
a pusher-type furnace with a hydrogen atmosphere, 
used for the reduction of refractory oxides and other 
general heat treatment purposes. The heating ele- 
ments are mounted inside the furnace, above and 
below the charge, and consist of molybdenum ribbons 
arranged in a zigzag winding. In an atmosphere 
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Fig. 1. Molybdenum resistor 
furnace with protective at- 
mosphere and built-in ele- 


ments for tem peratures up to 
1400 deg. C. or 2552 deg. F 


containing oxygen and water vapor, etc., these metals 
would form oxides, which, owing to their high 
vapor pressure, would sublimate, thus making work- 
ing practically impossible. 

Sometimes it is not possible to expose the material 
to be heated to a reducing atmosphere. In order to 
separate the furnace atmosphere from the gas filled 
space surrounding the heating elements, attempts 
have been made to build molybdenum or tungsten 
elements (in the form of strips, or of straight or 
hairpin-shaped rods) into heating chambers filled 
with protective gas. These chambers must be made 
as gas-proof as possible against the outside and the 
neighboring glowing part. For such a construction 
the amount of protective gas depends only on the 
degree of leakage. It is easy to ascertain the existence 
of big leaks by means of the gas consumed or by 
the pressure. A further variation of this idea led 
to the development of single heating elements, con- 
sisting of molybdenum or tungsten and a gas-proof 
ceramic tube filled with protective gas. The open 
end of this tube carried the electric current lead 
which was brazed onto the tube. The important 
problem, how the current is to be introduced into 
the tube, seems to have found a number of satis- 
factory solutions. 

As stated above, the highest temperature suitable 
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for molybdenum and tungsten in a _ protective 
atmosphere is exclusively determined by the speed 
with which these metals react with their surround- 
ings, that is at temperatures which are very low as 
compared with their melting temperatures. These 
reactions lead to the decomposition of the conductor, 
until melting occurs at the thinnest spot. One has 
to consider two different kinds of reactions; first 
the reaction of the hot metal to the surrounding 
gas, and second the reaction to the ceramic material 
touching it. Traces of water vapor or oxygen in the 
protective gas, or of hydrocarbons, can considerably 
shorten the lifetime of the rods. Regarding the 
reaction of the metal with the ceramic material 
traces of iron of of free silicon dioxide can also 
give similar undesired deterioration. Owing to this 
fact, the ceramic tube must be chosen with great care. 


The Stratit Heating Elements 


Some years ago, another kind of high temperature 
heating elements were developed, as described in the 
United States Patents 2,105,166 and 2,193,987. 
These so-called Stratit heating elements consist of 
rods or wires of molybdenum or tungsten, which 
are built into vacuum-tight ceramic tubes. The rods 
or wires are made by the usual procedure, i.e., the 
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metal powder is pressed and sintered and then 
swaged down to the desired diameter or, if the 
wires are to be used, drawn down to still smaller 
diameters. The ceramic material has to be selected 
in such a manner that at least its internal layer does 
not react detrimentally to the metallic conductor. 
Therefore it is advisable to use pure alumina or 
beryllium oxide as an inner layer near the metal. 
‘or the outer layer sillimanite can be used advan- 
tageously. This is a silica-alumina which melts at 
about 1840 deg. C. (3335° F.). The working tem- 
perature is in that case about 1600 deg. C. (2900 

F.). 

A number of new problems appeared during the 
development of the Stratit heating elements. In the 
case of rods for high current intensity, those con- 
taining conductors of large cross sections, there is a 
considerable heat flow from the hot glowing part 
of the rod toward the rod ends. It was necessary 
to calculate the most favorable dimensions for the 
cross section of the conductor and for the material 
to be used at the ends of the rod, in order to reduce 
this heat flow to a minimum. Arrangements of this 
kind (i.e., reduction of cross section) are called 
“heat throttles.” The existence of such most favor- 
able dimensions can easily be proven by the fact 
that at a given current a decrease of the conductor 
cross section at the ends diminishes the axial heat 
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Fig. 2. Terminal construction of Stratit heating 
element. 
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flow losses, but increases the Joule heat in the 
“throttle”; on the other hand, an increase of the 
cross section of the end of the conductor increases 
the heat losses by conduction and decreases the Joule 
heat losses; thus there is a minimum of losses. 

Another problem is the correct choice of the 
thermal conductivity and of the thickness of the 
ceramic material used. An increase of the wall thick- 
ness improves the gas-tightness, but at the same time 
increases the temperature drop in the ceramic wall. 
Hence, for a given temperature on the outer surface 
of the ceramic tube the temperature of the internal 
conductor must be increased, so that one soon reaches 
the point where the ceramic gets soft. A compromise 
between these two factors must be reached. 


Mechanical Stress Conditions 


The mechanical stress conditions in the ceramic 
have also been examined. As ceramic material has 
up to 10 times higher resistance against compressive 
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stresses as compared with tensile stresses, one must 
consider that the tangential, radial and axial stresses 
in the ceramic correspond to this behavior. While 
these considerations apply to that part of the heating 
elements where the ceramic tube is completely 
shrunk onto the heating conductor, the ends of the 
rod which are sliding inside the ceramic cover must 
be able to expand freely. It must be noted that even 
if a ceramic material is used which has a thermal 
coefhcient of expansion only about 10 per cent dif- 
ferent from molybdenum or tungsten, axial tensile 
stresses arise to such an extent that breaking occurs. 
The expansions are about 5 mm. (3/16 in.) for rods 
of 50 cm. (20 in.) length at a glowing temperature 
of 1500 deg. C. (2700° F.), whereas the displace- 
ment of the heating elements relative to the ceramic 
amounts only to fractions of a millimeter. In order 
to be able to meet such expansion movements with- 
out deteriorating effects, the current connection 
between the inner heating conductor and the outside 
contact of the rod must be effected by suitable 
means, for example, a sliding contact or soft con- 
struction parts, 

As the heat transmission from the heating element 
to the furnace proper at high temperatures takes 
place exclusively through radiation, the radiated heat 
depends on the properties of the radiating surface, 
characterized by the radiation constant. Experimental 
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Fig. 5. A furnace equipped with Stratit heating 
elements. 
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examinations of the radiation properties of the 
ceramics have been made and simple methods have 
been developed in order to increase the “blackening” 
of the ceramic surface. In this way it is possible to 
bring the energy radiated per surface unit up to an 
amount which corresponds nearly to the surface of 
glowing carbon. 


Lifetime 


The lifetime of these Stratit rods is determined by 
the vacuum tightness of the ends of the rod, and 
for this purpose sealing in and brazing processes 
have been used which are applied in the high vacuum 
technique. Fig. 2 shows such a terminal construction 
in which (1) is the metallic conductor. Its end is 
split and contains a spring (2) which provides a 
sliding contact with the copper cap (3). This cap 
is soldered to the intermediate metal piece (4) which 
is sealed onto the ceramic sheathing (5). The rod 
ends are cooled by means of running water, and the 
cooling boxes contain the current connection. Rods 
have also been constructed, the ends of which are 
cooled by a small air cooling device. 

Fig. 3 shows the lifetime of such a Stratit element 
plotted against its temperature. The higher the re- 
quired temperature of the furnace, the higher the 
temperature of the heating element and the less its 
Watt load. This is shown by Fig. 4 which gives 
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W/cm used length versus furnace and element tem- 
peratures. A furnace equipped with Stratit heating 
elements is seen in Fig. 5. 

The use of molybdenum and tungsten as heating 
conductors is of advantage from a regulation point 
of view. These metals have a positive temperature 
coefhcient of the electric resistance, as opposed to 
resistance alloys, the temperature coefficient of which 
is often negligibly small. An increase of the voltage 
would increase the furnace current and thus increase 
the furnace temperature; but the increase in re- 
sistance diminishes the current so that the variation 
of the temperature is very small. In view of this 
“self-regulation, which occurs in the case of voltage 
fluctuations as well as in the case of fluctuations of 
the thermal load (putting in of cold material, radia- 
tion through opening the furnace door), a rough 
temperature control is often mot mecessary. A. Vv. 
Engel’ has made a quantitative investigation about 
the condition of furnaces of this kind, heated by 
alternating current. 

The behavior of the first Stratit rod constructions 
in different gases, like sulphur dioxide, etc., has been 
found to be very encouraging (in tests made by W. 
Trinks?). Later tests on the sensitiveness of these 
rods to quick temperature changes (as for example 
cold air pouring into the hot furnace) showed their 
resistance to such temperature variations. Heating 
elements used in continuous work showed lifetimes 





of several thousand hours. The resistance of these 
rods to temperature changes was also tested by 
switching them on and off corresponding to inter- 
mittent operations. 


Cost and Operation 


The cost of Stratit elements and of their operation 


compares very favorably with any other heating 
element on the market, considering particularly the 


fact that the Stratit elements open a new field of 


application, due to their high temperature range and 


the possibility of dispensing with a protective atmos- 
phere. An added advantage is the fact that the 
replacement of a Stratit element can be accomplished 
within a minute's time and without interruption of 
the furnace operation. 

Although the technical development of Stratit has 
been completed, the elements are not on the market 
because of negotiations pending regarding the respec- 
tive commercial exploitation. 

Summarizing, it can be predicted that within the 
next few years the use of heating elements made 
from metals with high melting points will become 
increasingly important. 
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parts for a military device were recently completed 

before it was discovered that their tensile strength 
and hardness would have to be increased in order 
to meet engineering requirements. The material was a 
special alloy steel requiring an oil quench from 1900 deg. 
F., which precluded the use of ordinary heat-treating 
methods and equipment because of the risk of scale, de- 
carburization, and deformation of the accurately finished 
pieces. The alternative of obtaining new stock, making the 
parts over, heat treating in the semifinished condition and 
then finishing would have caused prohibitive delay in the 
completion of the desired equipment. The problem was 
solved by heat treating the parts in a new furnace of unique 
design recently constructed and installed by the Metlab Co. 
in its commercial heat-treating plant. 

This furnace embodies an inverted metal retort, having a 
heating space about 4 ft. high, 10 in. in diameter, with a 
sealed door at the bottom end. Heat is applied externally 
by means of gas fuel; the products of combustion do not 
come in contact with the work. A rod of heat-resisting alloy 
passes through a stuffing box in the upper end of the retort 
and is movable up and down by means of a winch and cable 
so that the parts to be heat treated may be attached to a 
fixture on the lower end of the rod and thereby pulled up 
into the furnace where they hang freely suspended and 
without any tendency to sag under their own weight, during 
heating. When ready for quenching, the rod is lowered so 
that the charge moves directly out of the bottom of the 
furnace into the quenching tank beneath. This arrangement 
is said to insure a minimum of distortion during the heating 
and quenching operations, very brief exposure to the atmos- 


Aovers ior « QUANTITY of long, slender machined 
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The special vertical furnace for heat treating aircraft 
landing gear shock struts and other parts. In this 
view the charge is being quenched. 


Shock struts for airplanes which were quenched 
vertically from the special furnace. There is a ver) 
small allowance for grinding in the inside of these 


parts. 











phere after leaving the furnace and before entering the 
quenching oil, and a maximum uniformity of heating and 
quenching conditions. 

The atmosphere of this furnace consists of completely dis- 
sociated anhydrous ammonia gas. This is fed in at the top 
of the retort so as to flush out the container thoroughly 
before the work is introduced and continues flowing during 
the entire cycle. This atmosphere is composed of inert nitro- 
gen and dry hydrogen and is believed to be the most nearly 
ideal one which can be used in a heat-treating furnace. 
The nitrogen has no effect upon the material, while the 
hydrogen, being dry, is not decarburizing and has in fact 
a cleansing and deoxidizing effect. There is of course no 
carburizing action, such as may occur with harmful results 
from certain types of special furnaces using carbonaceous 
atmosphere. 

The furnace is especially designed for the clean heat 
treatment of slender parts of small and medium size, such 
as rolls, shafts, spindles, screws, plungers, broaches, and 
the like, which benefit by heating and quenching in a ver- 
tical position. It is also used for the treatment of a great 
variety of other parts such as stampings; hardenable stain- 
less steel parts which must withstand severe stress, wear, 
and corrosion; aircraft landing gear shock struts of thin 
tubing with a minimum allowance for final finish grinding; 
and so on. Some of these benefit particularly by absence of 
contaminating carbon, oxygen, sulphur, or other impurities 
in the atmosphere. 

The furnace is operable up to a maximum temperature of 
1950 deg. F., and will therefore accommodate many dif- 
ferent materials including plain carbon and alloy steels, 
special tool steels, stainless steels, non-ferrous alloys, and in 
fact nearly everything except high speed steel. 

The furnace is used also for bright annealing. In such 
work the parts are allowed to remain in the artificial atmos- 
phere until cold; they then come out with a bright and clean 
finish. Quenching results in surface discoloration of the 
metal caused by the very brief period of exposure to the 
air during quenching and the effect of contact with the 
quenching medium. The complete elimination of scale with- 
out the necessity for packing or the use of salt baths in the 
heat-treating process, and without exposure to the air which 
accompanies quenching from furnaces of the ordinary 
crucible or pit type has many advantageous applications. 
Where very accurate tolerances govern, it is of course de- 
sirable to provide for final grinding to compensate for the 
effect of volumetric changes and the internal stresses un- 
avoidable in the heating and cooling operations. 

The accompanying illustrations show the furnace and 
some typical parts heat treated in it. 


Nickel thimbles for an electrical device which have 
been bright annealed in the same furnace. 
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(Continued from page 21) 
improved technique that will be recorded in the 
engineering journals of 1941, but the environment 
of 1940 has not been conducive to a good rate of 
real worldwide progress, nor is it likely that 1941 
will be much of an improvement. 

We have a new year that will be a busy one. It 
will be a happy one for us and our friends abroad 
if past metallurgical progress and present manu- 
facturing ability prove sufficient to check decisively, 
and clearly to predict the relatively early defeat of, 
the dictators. 

After this job of curbing the aggressors is attended 
co and there arises the further job of meeting the 
changed conditions and struggling through the next 
New Deal depression, the degree of happiness of 
those years will strongly depend on the degree to 
which metallurgical engineering lays in 1941 those 
further foundations for continued future progress. 
Most of those who read this will outlive both the 
foreign dictators and the politicians of the present 
administration. We hope that our pages will record 
in 1941 metallurgical information of value in solving 
the long range problems as well as those more 
immediate ones of defense.—H.W.G. 


Light Weight Rolling Stock 


In its Passenger Progress Number The Railway 
Age for Nov. 16, published a most interesting 
table listing the passenger coaches and body units 
of articulated trains in which the new structural 
materials and new methods of fabrication have been 
used to reduce weight. It covers the years 1931 io 
1940 inclusive for units completed and on order. 

The materials which are listed include “high ten- 
sile’’ steel (mild-alloy steels) stainless steel, alumi- 
num alloy, “high tensile’ and stainless, ‘high ten- 
sile’’ and aluminum, carbon steel, and “‘alloy’’ steel. 

An analysis of these data shows that there are 
1874 units or cars involved. Of these 957 or 51.06 
per cent were constructed of the mild-alloy types; 
371 or 19.79 per cent were built of stainless steel, 
and 244 or 13.02 per cent of the aluminum alloys. 
Carbon steel went into 175 units or 9.33 per cent, 


while the cars of “high tensile’’ steel frames with 
stainless steel sheathing made up 120 units or 6.40 
per cent. 

With public attention fixed by advertising on the 
stainless or streamlined trains, the use of the low- 
alloy, high strength steels has not been so generally 
publicized. The fact that over half of the cars 
made or on order have been constructed of the 
mild-alloy types to reduce weight is of distinct in- 
terest. 

A still broader use of these steels is expected 
not only for units of the type here analyzed, but 
also when these materials are more extensively in- 
corporated in box, hopper and other freight units, 
a field in which pay load is a very important fac- 
tor.—E. F. C. 


Manganese 


A reassuring statement of the American Iron and 
Steel Institute recently is that the war has not cur- 
tailed the supplies of manganese despite the fact 
that more than 96 per cent of the manganese con- 
sumed by the American steel industry in the last 
12 years has come from abroad. A further state- 
ment is that, at peak operations, nearly 540,000 
net tons per year of metallic manganese is con- 
sumed. This is based on 13 lbs. of manganese 
to the net ton of steel. 

This means about 675,000 tons of 80 per cent 
ferromanganese and over 1,000,000 tons of 50 per 
cent metallurgical manganese ore annually—a very 
large order to fill. 

But the suppliers of both ferromanganese and the 
ore are nearly meeting the demands. Imports of ore 
are at the rate of over 1,386,000 tons yearly and 
the output plus imports of ferromanganese total 
over 500,000 tons annually. While the latter is 
somewhat below the theoretical needs, the situa- 
tion is not alarming. The greater use of spiegelei- 
sen, improvements in practice and substitutes for 
manganese are mitigating factors. And the reserves 
of ore brought in for stock are said to be ample for 
nearly two years’ supply.—E. F. C. 





letter 
TO THE EDITOR 


JANUARY, 1941 





The Iron Powder Situation 


To the Editor: I have read in your September, 1940, 
issue, page 288, an article on “The Iron Powder Situation.’ 

There are many grounds on which we might disagree 
with the author of this article, such as his reference to 
stock salesmen carrying about bottles of sponge iron, for 
everyone knows the New Deal has made things such tha- 
only the mentally afflicted would dare sell shares of stock 
in some new enterprise. He's thinking of a former age when 
men had freedom to invent, devise and make available new 
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and better articles and enterprises for the common benefit, 
even though they might chance to make a few dollars from 
their speculations. 

However, the important thing he brings up is sponge iron. 
He seems to labor under the belief that, since we are cut off 
from Sweden, we must devise other means for obtaining 
iron powder, holding that no one in the United States can 
duplicate the Swedish product. Accordingly, I wish to an- 
nounce through your magazine that we will, if sufficient 
business is at hand, complete a plant to produce not the 
equivalent of Swedish sponge iron but to furnish a product 
superior in every way. 

Our ores are at least the full equivalent of Swedish ores, 
our charcoal is just as good and our processing is advanced 
over Swedish practice. Only two patents are issued, to date 

—Nos. 1,829,124, and 1,987,952. Others are pending and 
in preparation. Furthermore, we will furnish sponge iron in 
any particle size desired, from 40 mesh down to micron 
sizes, if there be any present demand for the ultra fine 
product. Logically we will charge a higher price for the 
finer material, but not any very great advance over the price 
for the coarser material. 

If those interested will furnish us specifications and prices 
they are willing to pay and will extend contracts of reason- 
able duration, we will enter into contract to furnish a 
reasonable supply. We haven't the least fear of the war 
ending and bringing in Swedish material to upset our 
market. If we can have the business during this war, or for 
a reasonable period, we will take chances on competition 
after that. 

I believe it was in 1930 that I chanced to stay at the 
Stevens Hotel in Chicago and visited the National Metal 
Congress and the exhibits. I had a piece of blue hematite 
ore from some of my claims. The Swedish people had a 
table piled high with their pretty blue hematite. I ap- 
proached the attendant—a big husky Swede who had not yet 
thoroughly mastered American accent, although he handled 
the language very well—and I showed him my chunk of ore, 
a piece about as large as the doubled fist. He asked me 
where I got it and I told him from Utah. He laughed good- 





naturedly and told me I was playing jokes on him and 
that I had taken it from his table. I had a difficult time 
persuading him that we had considerable tonnage of that 
ore. You couldn't tell my ore from his by laying the two 
kinds side by side. 

Incidentally, that ore I exhibited assayed 69 per cent Fe, a 
fraction of one per cent manganese and virtually no gangue 
minerals. The phosphorus and sulphur were mere traces. 

Now, we. chance to have other ores which carry suffi- 
cient gold to help pay the costs of mining and crushing. I 
have a mill wherein we can crush, grind the ore and amal- 
gamate it for recovery of the free gold. If I can get suff- 
cient orders I will install one of my retorts and reduce 
that highly pure iron oxide with charcoal to a high-grade 
sponge iron, and I can afford to make some attractive prices 
to get the orders if extended RIGHT NOW. 


Leroy A. WILSON. 
P. O. Box 14, 
Veyo, Utah 


Comment by Mr. Fellows 


To the Editor: Thank you for the opportunity of reply- 
ing to Mr. Wilson's delightful letter. 

I should like to limit my remarks to noting that Mr. 
Wilson’s third paragraph shows he has read my article to a 
conclusion which was not intended. I did not mean to hold 
“no one in the United States can duplicate the Swedish 
product.”” On the contrary, it was stated “Swedish sponge 
iron may already have fulfilled its destiny in American 
powder metallurgy,” and there is also mention of the “folly 
to attempt to bring out an iron which Swedish sponge 
could drive off the market if it were to return as a result 
of cessation of hostilities abroad.”’ 

From this unwarranted, or at least not intended, con- 
clusion, Mr. Wilson has thus embarked on the subject which 
forms the bulk of his communication. One will there note 
five “‘ifs’’ concerning his business plans. That somehow 
seems to be just about the right number for that hypothetical 
person with the capacious vest pockets whom I visualized. 

ALBERT T. FELLows. 





A Poem 


To the Editor: During the recent heat wave, our minds 
wandered somewhat astray. As our lips were wont to babble 
continually, some one jotted down the enclosed verses. They 
represent the product of mass deterioration of the intellect 
and should be regarded as such. Thinking perhaps you 
might be interested in one result of Nature's eternal battle 
against Man, we are sending you the evidence to use as you 
see fit. 


J. Tucker MACKENZIE 
Research Laboratory 
U. S. Steel Corp. 
Kearny, N. J. 
The verses, signed by J.T.M. & Staff of the Research Lab- 
oratory, follow: 


EFFECT OF TEMPERATURE ON THE MINDS 
OF METALLURGICAL ENGINEERS 


Here, gentlemen, is some advice. 

To comprehend, please read it twice. 

If you would work on fender stock, 
You won't have time to watch the clock. 


Just pick some strips both long and thin 
And stamp them well, don’t mind the din. 
Then polish hard, to shine the steel. 

If it won't glisten, try the wheel. 





A Rockwell here, a Rockwell there. 
It may be hard, so best beware. 

A box anneal or normalize, 

Then cold reduce and spheroidize. 


Another polish, smooth as glass. 

It must be good, or it won't pass. 

A Rockwell there, a Rockwell here. 

A shotgun pattern!—!!#%&$—Oh! Dear! 


Cut up the strips and mount them fast, 
Then to the wheels, right through the last. 
A microscope will solve your woes, 

If your technique’s as good as Joe’s.* 


Now, is the grain size coarse or fine, 
The carbides scattered or in line? 
Next, just how ‘dirty is the steel? 
Be sure your pictures, all, reveal. 


It's finished, though it took a year. 
You should go out and have a beer. 
But, write it up and turn it in. 

Don't heave a sigh, just start “‘agin.” 


* Joe Vilella 


(Mechanical difficulties prevented carlier use of this good poem 
more apropos in August when it was written—The Editor.) 
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Heat Treating and Case Hardening 


Products 
Before plunging into this rapid-fire re- 
view of some recently-announced develop- 
among furnaces for heat treating, 
case hardening, age hardening, etc.—devel- 
opments that incidentally emphasize the ex- 
panding influence of the engineer in the 
he reating field—we can't refrain from 
pi a tiny tribute to the undiminished 
an rennially needed artistry of the tool 


hardener. 
pendent, intelligent, a master crafts- 
n with an intimate knowledge of the 


vag vies of steel that sometimes surpasses 
the understanding of engineer, metallur- 
gist ind steelmaker alike, the hardener to- 
day \as a vital and expensive trust. On his 
sen. ‘ive hands, practiced eyes and patient 
car depends the performance of countless 
tor dies and steel parts essential to the 
ra rearming of this country. May his 
eng'eer colleagues continue to provide him 
witi the most efficient equipment modern 


knowledge can devise! 


An:monia in Metal Treating 


One of the most widely-used of modern 
aids to hardening, tempering, annealing, nit- 
riding, dry cyaniding, (even welding), etc. 
is anhydrous ammonia. Its many applica- 
tions, furnace equipment for handling it, 
and cost and performance data are interest- 
ingly presented in a new 44-page booklet of 
Mathieson Alkali Works, New York. 

Previously uncracked ammonia is em- 
ployed for nitriding suitable alloy steel and 
surface-hardening stainless steels; mixed 
with carburizing gases, it makes possible 
“dry cyaniding” or simultaneous gas car- 
burizing and nitriding; injected into char- 
coal generator gas, it contributes to the 
success of the commercial bright hardening 
process known as “hydryzing’’; and previ- 
ously cracked or dissociated, it provides 
hydrogen-nitrogen atmospheres whose ap- 
plications for bright annealing ferrous and 
non-ferrous metals, for bright hardening of 
steels, and for brazing are steadily increas- 
ing. 

Taken separately, most of the processes 
described in the booklet are not new, but 
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the assumption of a new viewpoint in ex 
amining these operations should challenge 
the interest of many metallurgical engineers 


Convected-Air Furnace for 
Aluminum and Magnesium Alloys 


A new convected-air furnace built by 
Despatch Oven Co., Minneapolis, Minn. is 
described as in regular use for the heat 
treatment of aluminum and other non-fer- 
rous alloy castings. It is claimed to reduce 
the total time of the processing cycle and 
to provide temperature uniformity of +5 
deg. F. throughout the furnace chamber 
when operating at 950 deg. F. 

Uniformity is a direct result of the use 
of oversized, large-volume, high static pres- 
sure fans. Air velocity through the furnace 
exceeds 20 mi. per hr. and is said to assure 
rapid and uniform heat treatment. A unique 
feature is a Despatch-designed quenching 
system that makes possible quenching in 18 
to 20 seconds instead of 40 seconds or so 
formerly used. 

Illustrated is an application of the fur- 
nace for the age-hardening of 1200-Ib. 
charges of aluminum alloy castings; the 
work is loaded in baskets pushed into the 
furnace, processed for 18 hrs. and quenched 
in boiling water. The electric heating sys- 
tem for this furnace consists of an open- 
coil, low-gradient 100-kw. heater, but the 
furnaces can also be built with gas-heating 
systems. 


Gas Atmos phere Furnace 


A new oven type of furnace, provided 
with a bell of heat-resisting alloy that 
closes down on the work during treatment, 
has been developed by American Gas Fur- 
nace Co., Elizabeth, N. J. The furnace (il- 
lustrated) is particularly useful for small- 
scale heat treatment under definite tempera- 
ture and atmosphere control. 

The bell can be quickly and easily raised 
by the door-lifting mechanism. Uniformity 
is said to be excellent because the bell is 
totally enclosed and heated by burners firing 
both above and below from the sides. Car- 


Socteties 





burizing, nitriding, Ni-Carbing, clean hard- 
ening, bright annealing and brazing can all 
be done in this furnace. 


Novel Electric Furnace 


An interesting electric furnace for heat- 
ing magnet steel both for forging and for 
hardening has just been installed by the 
Connecticut Telephone & Electric Corp., 
100 Brittania St., Meriden, Conn. 

The furnace—a 20-kw.  controlled- 
atmosphere unit made by American Electric 
Furnace Co., Boston, Mass.—is capable of 
hardening 120 magnets per hr. while about 
80 pieces of stock are being heated for 
forging into the correct magnet form. The 
horseshoe magnets are hardened continu- 
ously with the aid of a simple pusher 
apparatus. After reaching the hardening 
temperature, the magnets drop through a 
slot in the rear wall of the furnace into 
a quenching tank and are automatically 
picked up by a conveyor belt which takes 
them up out of the quench and drops 
them into a basket. 

The high quality magnets so produced 
are used in telephone ringer magnetos. 

(Continued on page 56) 
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Electric Gas-Carburizing Furnace 


A new gas-carburizing electric furnace 
for case-hardening steel parts has been an- 
nounced by General Electric Co., Schenec- 
tady, N. Y. The furnace is said to provide 
all the cost- and time-saving advantages of 
gas carburizing in general plus the close 
control of temperatures and operating sched- 
ules characteristic of electric furnaces 

The new furnace employs propane as the 
carburizing gas [for detailed description of 
a gas-fired propane-carburizing furnace, 
read “Gas Carburizing with Pure Propane”’ 
in our Jan. 1939 issue, p. 13}, the amount 
of active carbon in the furnace being con- 
trolled by measured regulation of the flow 





of gas. Rapid circulation of the gas is said 
to assume quick heating and uniform tem- 
perature distribution. 


DuPont X-ray Film—aA Correction 


In our December issue, on page 778, we 
described a “‘fast’’ X-ray film in terms that 
may be misleading to many readers. The 
DuPont Film Manufacturing Corp., 9 Rock- 
efeller Plaza, New York, manufacturers of 
the film, have never claimed it in general 
to “save 30 to 40 per cent on exposure time 
as compared with films heretofore avail- 
able’’ (as we reported) but say more accu- 
rately that this ‘DuPont Industrial X-Ray 
Film” is the most sensitive available for 
recording the output of a tube employing 
a high kilovolt peak. 

In industrial X-ray work, there is a trend 
toward the use of more penetrating rays 
for examining thick metal parts. Such rays 
are produced by increasing the kilovoltage 
cross the tube to very high values, and it 
is in high-voltage work of this nature that 
the greater speed of this film is applicable. 


@ A new rotary shear that cuts through 2- 
in. mild steel plate and which is claimed to 
give the fastest cutting speeds ever avail- 
able in a shear has been developed by 
Quickwork-W hiting Div. of W hiting 
Corp., Harvey, Ill. 


New Tiny Air Grinder 


Originally intended as a die grinder for 
tool room and bench work, a new “baby” 
air grinder of Ingersoll-Rand Co., Phillips- 
burg, N. J., is now being used by industry 
at large for light grinding jobs wherever 
metal must be removed from places that 
would otherwise be hard to reach. 

This tool (size 00) weighs only 14% Ibs., 





New Tube-Shaping Machine for Aircraft Parts 





Aircraft landing gear struts, aileron 
torque tubes and other components are 
being produced at Steel & Tubes Div. of 
Republic Steel Corp., Cleveland, Ohio, on 
a new machine that automatically shapes 
tubular products to practically any contour 
that could be machined from solid stock on 
a lathe. 

The 65-ft.-long machine was developed 
by C. L. Dewey (right) and his son Sydney, 
and is the only one of its kind built so far. 
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The tubing is shaped by rolls in a moving 
carriage on which a motor is mounted, and 
the action of which is determined by a cam 
parallel to the tube (on the right). The wall 
thickness is controlled by working the tube 
under variable tension load. 

Although now used exclusively for air- 
craft parts, the machine has potential appli- 
cation for tubular products for a variety of 
purposes, it is said. 





operates at 20,000 r.p.m. at 90 lbs. pressure, 
and is built to take 14 -in. diam. organic 
bonded or 114-in. diam. vitrified wheels. 
Various sizes of collets to take mandrel- 
mounted grinding wheels or small twist 
drills are also available. 


@ Of interest to foundry engineers are 2 
new coating products of Tamms Silica Co., 
228 N. La Salle St., Chicago: ‘Patternseal,”’ 
for sealing and coating match plates, core 
boxes, etc. to prevent moisture penetration: 
and ‘‘Metaline,’’ a metal-like liquid for coat- 
ing and sealing wax fillets and gates before 
applying Patternseal. 


Reclaiming Steel Rolling Mill 
Equipment by Welding 


The spindles, crabs and coupling boxes 
on rolling mills are subjected to extremely 
severe service, and replacement costs be- 
cause of rapid wear are considerable. How- 
ever, by the use of suitable welding mate- 
rials even badly worn pieces can be rx 
paired and reclaimed with the assurance 
that the additional service obtained will off 
set the expense and even provide an actual 
saving. 

The following procedure, developed in 
one of the larger Eastern steel plants, has 
resulted in service life several times Jong 
than that ordinarily obtained from ne 
parts. The steels used for spindles an} 
crabs are usually carbon steel ranging fro 
0.45 to 0.55 per cent carbon and the cu 
tomary 12-14 per cent manganese, or Ha 
field, steel. 

In the case of carbon steel parts, 
spalled or loose material (often as mu 
as 114 in.) is removed by a cutting tor 
or by chipping and grinding. The piece 
then preheated to 400-500 deg. F. and 
carbon steel rod of comparable analysis 
used to make the initial deposit to with 
4, in. of the finished surface. 

Each bead must be peened as applic 
The additional material needed to complet 
the build-up is applied with electrodes of 
Amsco nickel-manganese steel, containing 
3.5-4 per cent nickel, 14 manganese and 
0.75-0.90 carbon—available from Amer 
can Manganese Steel Div., American Brat 
Shoe & Foundry Co., Chicago Heights, II! 
Each bead of the nickel-manganese deposit 
should also be entirely peened and any 
high spots should be removed with a hand 
grinder. To prevent spalling in service, « 
dove tail or groove, 4 in. wide and Y, 
in. deep, should be provided at the back of 
each pod. 

If the part is of Hadfield steel, the 
spalled material is removed by grinding 
and preheat temperatures must be limited 
to 300 deg. F. Heating, however, does not 
adversely affect nickel-manganese steel, and 
the entire build-up is then made with 
nickel-manganese steel electrodes as de- 
scribed. 

The procedure for reclaiming coupling 
boxes is similar except that the initial build- 
up material is always nickel-manganese 
steel. Because peening is difficult, the final 
4 in. to reach finished dimension should 
be deposited with a hardfacing welding rod 
such as Amsco Economy Hardfaced elec- 
trodes, which give a surface of 450-500 
Brinell, it is said. 
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New Plants and Expansions 


Under the impetus of defense orders, 
metallurgical engineering plants are ex- 
panding and a-building at a rate that defies 
complete recording. Some of the “new- 
facilities’ developments that have recently 
come to our attention are reviewed here- 
with. 

Worthington Pump & Machinery Corp., 
Harrison, N. J., is constructing a 175-ft. x 
100-ft. addition to its plant. Wells Mfg. 
Corp., Three Rivers, Mich., have moved into 
a new modern 1-story factory with in- 
creased facilities for making metal-cutting 
band saws. A $3,000,000 expansion pro- 
gram is now being carried out by Timken 
R ller Bearing Co. at its Canton, Gambri- 
nus. Columbus and Mt. Vernon, Ohio, 
plants. 

Crobalt, Inc., Detroit, announces the 
completion of a new plant at Ann Arbor, 
Mich., for the expanded manufacture of 
Crobalt, a cutting alloy containing tung- 
sten, chromium and cobalt. The National 
Advisory Committee for Aeronautics has 
selected the Municipal Airport at Cleveland 
as the site for the Government's $8,500,000 
aircraft engine research laboratory. 


@ A research program on the spot weld- 
ing of magnesium and aluminum alloys has 
been organized at Rensselaer Polytechnic In- 
stitute by the Welding Research Committee 
of Engineering Foundation, the work being 
financed by government and service air bu- 
and the Aluminum Co. of America. 


Byers to Produce Alloy Steel 


76-yr. old A. M. Byers Co., long a 
lea cr in the manufacture of wrought iron, 
wi! soon enlarge its activities to include 
the production of a broad line of alloy 
ste 's, including stainless. 

‘duction will begin within 6 months. 
An iddition will be built to the company’s 
Ar >ridge, Pa. plant, and will be used as 
lt shop for new electric furnace equip- 


n to be installed. Equipment for heating 
ani rolling alloys already exists within the 
pleat. Initial products will be billets and 


bars for alloy steel fabricators. 

omotion of wrought iron in present 
markets and the development of new uses 
for wrought iron will in no way be dimin- 
ished by the new alloy steel program, the 
company states. 


@ A new type of Monel metal called “KR” 
Monel by its producers, the International 
Nickel Co., Inc., 67 Wall St., New York, 
is both free-machining and hardenable by 
heat treatment, in addition to being strong 
and corrosion-resistant. 


New Engineering Bronze 


A new addition to the series of engi- 
neering bronzes produced by Ampco Metal, 
Inc., Milwaukee, Wis., is Ampco Metal 20- 
13—really a modification of grade 20 by a 
special heat treatment. Outstanding charac- 
teristics of the new grade are said to be its 
unusual combination of good elongation 
(about 10 per cent) and high Brinell hard- 
ness (about 200), and its resistance to both 
corrosion and abrasion. 

Heat treatment is such as to produce a 
beta matrix carrying primary alpha crystals. 
The bearing characteristics of the new 
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grade are described as unusually good, even 
where lubrication is doubtful. It is recom- 
mended by the manufacturer for bushings 
and bearings on hardened steel or for heavy 
duty work; for cylinder liners, plungers and 
pump parts including those handling corro- 
sive liquids. 


@ A lubricated plug valve made of special 
alloy steel, with plug and interior faces 
hard-surfaced, has been developed by Merco 
Nordstrom Valve Co., 400 Lexington Ave., 
Pittsburgh. Capable of handling a working 
pressure of 7500 lIbs., it is believed to be 
the heaviest duty plug valve ever manu- 
factured. 


Weld Controller 


To eliminate the need for skill in timing 
manually-timed welds and to aid in attain- 
ing uniformity of welds, a new weld timer 
contactor to be used with any 15 to 35 kva 
manually or mechanically-timed spot welder 
is announced by Weltronic Corp., 3071 
East Outer Drive, Detroit. 

Available for 220, 440 or 550 welding 
voltages and for 25, 40, 50 or 60 cycles 
frequency, the new unit (model 108-53) is 
adjustable over a range of timing of 2 to 


40 cycles. Two control knobs provide for 
close adjustment. Contacts are quickly re- 
movable for replacement, and the entire 
unit can be serviced without specially skilled 


help. 





@ Murex ‘‘Alternex”’ is the name of a new 
covered electrode for manual arc welding 
developed by Metal & Thermit Corp., 120 
Broadway, New York, for use with trans- 
former type a.c. welding equipment. 





Radiographic Inspection on Wheels 





To check the perfection of castings and 
welded parts that go into products of the 
Erie Works of General Electric Co., the 
portable industrial equipment shown here 
is used. The equipment, a General Electric 
X-Ray Corp. unit, is on a mobile truck- 
type mounting, and is rated at 75 to 220 


kilivolts peak at 10 milliamperes 

The apparatus is described as completely 
shockproof, with all high-voltage equip- 
ment, including the X-ray tube and trans- 
former, oil-immersed in a grounded metal 
case. The machine weighs 7000 lbs., and its 
rays will penetrate about 31 in. of steel. 
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Selection-Chart for Die Casting Alloys 


Comparative Ratings from Specific Standpoints 


No single die casting alloy or type of 
alloy rates above all others on all scores. If 
any one did, of course, there would be no 
reason for using the others at all unless 
some scarcity of its ingredients made it 
unavailable in the quantities required. Since 
this is true, the engineer and designer, in 
selecting the alloy to be used, should first 
list those properties that the alloy must 
possess and those conditions that it must 
meet, and then consider which of the alloys 
affords the best balance of advantages under 
these heads. 

For this purpose, the accompanying table, 
prepared by die casting authorities familiar 
with the use of all the alloys listed, is 
exceedingly helpful, because it rates each 


of the alloy types commonly used for 
die castings in their respective orders of 
merit under each of 21 headings. These 
headings include not only mechanical 
properties and physical constants but, what 
is often more important from certain stand- 
points, the relative casting properties and 
the cost of the dies and of the casting itself. 

In each case, the numeral 1 indicates 
the alloy with the highest rating (that is, 
the “1"’ alloy is generally “most desirable”’ 
in each respect) and numeral 4 the lowest. 
In each instance where there is little dif- 
ference in merit, the ratings are made equal 
and, of course, under this heading there is 
no ground for choosing one alloy over 
another. 





Although the zinc alloys do not rate 
highest under any of the mechanical and 
physical properties listed, they rank first in 
extent of use. Contributing to their wide 
use, of course, is the fact that they are 
generally rated highest in casting charac- 
teristics and lowest in cost per casting and 
in die cost. The zinc alloys are second only 
to the brasses in mechanical properties 
Where light weight with satisfactory 
mechanical properties is desired, the alumi- 
num and magnesium alloys should always 
be considered. It is interesting that the 
brass die castings rank highest in cost and 
are lowest in extent of use, showing how 
commercial considerations often offset high 
rating under mechanical properties. 






























































Aluminum Alloys Magnesium Alloys Zinc Alloys 
Selection Factor A.S.T.M. Nos. Brass A.S.T.M. Nos. A.S.T.M. Nos. 
Fee 12 and 13 21, 23, 25 
Tensile Strength 3 1 (strongest) ae Gee 
Impact Strength — 3 ] (toughest) 3 
Mechanical Elongation _ 4 1 (most ductile) | 8B cc. 3 la 
Properties [Dimensional Stability ~ . 1 Gost stable) — 3 3 
Resistance to Cold Flow | }#2 __ [1 Cost resistant) Stee Ae “- 
Brinell Hardness eT 3 ~—__t_ (hardest) 3 2 
Electrical Conductivity 1 (highest) | PR : eee 2 
Physical Thermal Conductivity = | 1 (highest) 2 tee i 
Constants Melting Point — Sh, ee 1 (highest) a ee 
Weight, percu. in. —”™” ae ee 4 ] dightest) 3 
Base, Speed of Casting fe SOUR ‘ 2 sae Coe Lee 
Maximum Feasible Size 1 (largest feasible) 2 1 (largest feasible) 1 (largest feasible) 
Casting Complexity “of Shape ANS bon 1 (greatest possible) 2 F ; 1 (greatest possible) ] (greatest possible) 
Characteristics | Dimensional Accuracy 2 3 - d 2 br, Ta 1 (most accurate) 
Minimum Section Thickness — 2 3 ; _2 5 ee? 
Surface Smoothness = | £2. 3 2 ] (smoothest) 
Die Cost” 2 Fe TS a kL 
_) °C PE OSS: See a ae yom ge 
Cost Machining Cost mes Te 3 a __1 lowest) he ee 
oo bei: GR AS a ee a 
Cost ‘per Piece* ee Pe me aE MY Sweet 3 2 1 (lowest) 
Extent of Use at Present 2 4 3 1 (most used) 











‘ Through the use of a low temperature annealing treatment, Alloy No. 23 can be made virtually stable in dimensions. 
" Dies for casting the low melting point alloys are least expensive and have longest life. 
* Includes polishing and buffing expense as well as ease of applying all types of commercial finishes, both electrodeposited and organic. 
* Based on die, material and fuel costs, production speed and machining and finishing costs. 





Improved Metal-Cutting Alloy 


Haynes Stellite Co., Kokomo, Ind.. is 
now supplying instead of its old grade of 
Haynes Stellite J-Metal a new cobalt- 
chromium-tungsten alloy for tools, known 
as Haynes Stellite Star J-Metal. 

The new cutting alloy is said to be a 
substantial improvement over the old with 
respect to tool life between grinds, and is 
recommended by the company for all ma- 
chining operations now performed with the 
original J-Metal tools on cast iron, steel or 
other materials. Operating conditions and 
grinding practice are the same with the 
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new Star J-Metal tools as with the old. 

The new alloy is now available in all of 
its manufacturers’ standard and special blade 
designs and sizes, in the form of standard 
welded-tip tools and in many special tool 
designs—all prices remaining the same as 
for the original J-Metal tools. 


Reconditioning Worn Parts 


Many locomotive parts that would nor- 
mally be scrapped because of excessive wear 
are being reconditioned and reclaimed by 
metal-spraying with stainless steel and re- 
machining to size in the shops of a mid- 


western railroad, reports Carboloy Co., Inc., 
1036 Book Bldg., Detroit. 


In practice, “18 and 8” stainless steel is 
metal-sprayed onto the grit-blasted sur- 
faces to a depth of 1/64-1/32 in. on each 
side in excess of the required finished-part- 
size, using the wire process. 


To obtain the fine finish desired, the 
stainless-metallized parts are turned at high 
speeds—200 to 450 ft. per min. with fine 
cuts and a slow feed, using Carboloy ce- 
mented carbide tools. On parts that cannot 
be turned the surfaces are finished by grind- 
ing from the rough. 
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Press Type Spot Welders 


Built in 30, 40, 50 and 75 kva. capacities 
and designed to meet the demand for an in- 
expensive high-production, sturdy, direct- 
action air-operated press type spot welder, 
the new type PT1 welders of Acme Elec- 
vic Welder Co., Huntington Park, Cal. are 
said to have a variety of uses in both spot 
and light projection welding on steel and 


alloy parts 





led steel bases rigidly reinforced; 


f ble, accurately-sized double end 
he advanced transformer design and 
ra iction; positive-lock radial-type heat 
rey: itor; and complete water cooling hook- 
ul among the features and advantages 
ra 1 for the new welders. All welders 
au ndard for 220 volt, 60 cycle alternat- 
ins rent, but welders for voltages up to 
5 n also be supplied. 

irger and heavier model (PT2), de- 
sig for welding heavier gages or where 


an ©-pecially long throat reach is desired, is 
also available—in 100, 125 and 150 kva. 


Ca} ties. 





Meetings and Expositions 


\MERICAN SOCIETY OF CrviL ENGI- 
NEERS, annual meeting. New 
York, Jan. 15-18, 1941. 

AMERICAN SOCIETY OF HEATING & 
VENTILATING ENGINEERS, annual 
meeting. Kansas City, Mo., Jan. 
27-29, 1941. 

AMERICAN INSTITUTE OF ELECTRI- 
CAL ENGINEERS, winter meeting. 
Philadelphia, Jan. 27-31, 1941. 

INSTITUTE OF AERONAUTICAL SCI- 
ENCES, annual meeting. New 
York, Jan. 29-31, 1941. 

TECHNICAL ASSOCIATION OF THE 
PuLP & Paper INDUSTRY, an- 
nual meeting. New York, Feb. 
17-20, 1941. 

AMERICAN INSTITUTE OF MINING & 
METALLURGICAL ENGINEERS, an- 
nual meeting. New York, Feb. 
17-21, 1941. 
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New Tough Tool Steel 


A medium-carbon manganese-molybde- 
num steel (773 tool steel) has been added 
to the list of tool steels of Jessop Steel Co., 
546 Green St., Washington, Pa. 

The new steel is said to possess unusual 
toughness, and to be ideally suited therefore 
for applications requiring exceptional 
toughness in thin sections, such as step- 
down dies, spatulas, putty knives, etc., as 
well as for general tools, dies, punches, 
chisels and so forth. A %4-in. section hard- 
ened and drawn to 58 Rockwell C will 
take a permanent set without cracking or 
bending, according to the manufacturer 


New Posts and Offices 
for Metallurgical Engineers 


T. G. Stover has been promoted to pur- 
chasing agent in charge of outside plant 
material and non-ferrous metals for Western 
Electric Co., Inc., New York. ... N. K. 
Koebel, formerly of Eastman Kodak Co., is 
now research director for Lindberg En- 
gineering Co., Chicago. George R. 
Sylvester, formerly chief engineer of Allied 
Engineering Co., has been appointed techni- 
cal advisor for Ajax Electric Co., Inc... . 

Albert R. Stargardter has recently been 
made chief metallurgist of Eastern Rolling 
Mill Co., Baltimore, Md. . R. E. Zim- 
merman, vice-president of United States 
Steel Corp. is the new president of the 
American Standards Assoc. . Francis C. 
Frary, direetor-of research: of the Aluminum 
Co. of America, has been elected president 
of the American Institute of Chemical En- 
gineers. Otto Kessler has joined the 
Foote Mineral Co., Philadelphia, as chemi- 
cal engineer. 


@ The increasingly popular gear steel, 
S.A.E. 4640 (nickel-molybdenum type), is 
now carried in stock ‘for immediate ship- 
ment” by Jos. T. Ryerson & Son, Inc., Chi- 
cago, in hot-rolled annealed rounds from 1 
in. to 5 in. diam. 


New Bearing Bronze 


A new bearing bronze, designed for a 
wide range of bearing and seal applications, 
and produced by a method said to assure 
uniform and extremely fine dispersion of 
lead in the structure, has been developed 
by Monarch Alloys Co., Ravenna, Ohio. 

Known as Monarch Metal, the new 
bronze is alloyed in various high-lead com- 
binations, the process being fundamentally 
one of melting out of contact with furnace 
gases or the atmosphere, and water-cooling 
the solidifying metal. It is said that the re- 
sulting structure is free of hard, abrasive 
tin and lead oxides and that the “better 
nodulation” of the lead keeps it from flow 
ing under heat. 

According to the manufacturer, Monarch 
Metal bearings will not seize or gall their 
shafts, even in the event of lubrication fail- 
ure. Hardness and compression resistance 
are said to be remarkably high for a high- 
lead bronze. The new bearings are also 
claimed to be easier and safer to run in 
when new, no graphite solution being nec- 
essary with them. 

The process is believed to be applicable 
to other non-ferrous bearing alloys (alumi- 
num, for example) with similar improve- 
ment in their bearing properties. 


Spectrograph Specimon Press 


A new specimen-briquetting press for 
preparing tablet specimens for spectro- 
graphic analysis is now available from 
Harry W. Dietert Co., 9330 Roselawn 
Ave., Detroit. The press is used to bri- 
quette powders, borings, milled chips of 
metals or other materials into tablets, which 
are placed in the spark or arc gap of the 
spectrograph. 

The press consists primarily of a hy- 
draulic pressure system and a press con- 
taining the tablet mold. A heavy duty hy- 





draulic pump is directly connected to a % 


hp. motor. Within the base of the machine 
is a 10-gal. oil reservoir. 

Cast iron steel and other hard materials 
are briquetted with a pressure of 15,000 
lbs.; softer materials are pressed at loads 
as low as 4,000 lbs. Accuracy of analysis 
is said to be equal to the accuracy obtained 
with cast pencil specimens. 


@ A grade of paint sticks for marking hot 
metal and another grade for cold metal 
have been available for some time. Now a 
manufacturer of both types, Markal Co., 
6 E. Lake St., Chicago, announces the de- 
velopment of a single grade for both hot 
and cold surfaces. 





Free Service Department 


Replies to box numbers should be ad- 
dressed care of METALS AND ALLOys, 
330 W. 42nd St., New York. 

WANTED: Recent college graduate with 
knowledge of electricity or metallurgy or both 
to do experimental work. Write full par- 


ticulars of training, age, salary expected, ete., 
to Box MA-1. 


59 


























A sudden warning crack and the high, clear cry of 
**Timber . . .!’’ send another giant of the forest on its 
way. So nature’s cycle of growth and change is 
brought to an end, and another cycle is begun—that 
of transforming timber into lumber, paper and a 
host of other valuable materials. 

Throughout this entire process, from the first 
ringing stroke of the logger’s axe, Bethlehem alloys 
play an important role. As axe heads and other log- 


ging tools, as tractor engine-parts, as machine parts in 
sawmill, paper-mill and rayon-mill, Bethlehem Alloys 
help to bring the products of the forest to the public. 

It will pay you to consider the possibility of using 
Bethlehem Alloys in your own products. In some 
cases, major production economies can be realized 
when the correct Bethlehem Alloy is specified as 
stock. Nearly always, the quality of the finished 
product can be increased at little extra cost. 


BETHLEHEM STEEL COMPANY 


METALS AND ALLOYS 








™“. = 


a4 


* 


2 ee Se ee ee ce OTE a Fl 





" 


Ss? 


ee —: 


shop notes 





Expensive Boring Replaced by Liners Grouted in Place 


by Herbert Chase 


When a large sand casting must have 
one or more fairly large cylindrical holes 
precisely parallel or in some other exact 
relation, the usual practice is to core the 


holes as near to size as conditions permit 
an ill allow for subsequent machining. 
The casting must then be set up in a boring 
mil! or some equivalent tool capable of 
maciining the holes with required ac- 
cul This necessitates rather expensive 
equipment as well as the time of at least 
on mpetent machinist and sometimes, in 
addiion, considerable work by the tool 
ro in preparing the necessary tools and 
ke g them in satisfactory condition. 

least one large maker of machine 
tor as developed an effective alternative 
wit noteworthy saving in cost. An im- 
portint feature is that no boring mill is 


required, although some lathe work is 
don. and, if extreme precision is needed, 
an internal grinder may be necessary. Cuts, 
how:ver, can be far lighter with this alter- 
nat method than are usually necessary, 
on lurge castings, especially if tubing close 
to the required hole dimensions is avail- 
abl. 

The alternative to boring to finished size 
consists im using a machined tube or sleeve 
to form a liner for the required hole, the 
tube being first machined (at least inside) 
to provide a bore of required accuracy. The 
casting is provided with cored holes to re- 
ceive the liner or liners; the holes are 
cored to a diameter a half inch or more 
larger in diameter than the outside of the 
liner, after which the liner is “grouted”’ in 
place. 

To do this, the liner or liners must be 
held in the correct relative position and this 
necessitates a jig, which, however, need 
not be very expensive. Rings or some 
equivalent must be provided to prevent the 
grouting material from running to waste 
around the ends of the liner, but this is a 
simple and inexpensive precaution. 

. It is important, however, to use a grout- 
ing metal that will not contract when it 
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solidifies—which, in fact, will preferably 
expand slightly when it becomes solid 
Otherwise the grout will be loose in the 
hole and may permit of enough play to 
destroy the required accuracy of alignment. 
In expanding when it solidifies, the grout, 
of course, anchors the liner securely, espe- 
cially if the liner be left somewhat rough 
on its outer diameter. 

In addition, the holes should be cored in 
the casting with sufficient accuracy to avoid 
any appreciable variation in the thickness 
of grout. If the grout is much thicker on 
one side of a liner than on the other, its 
solidification will force the liner slightly 
away from the thick side, so that the axis 
of the liner will not be precisely where 
intended. 

In using this process, this particular ma- 
chine tool maker employs an alloy contain- 
ing 50 per cent metallic bismuth, 25 per 
cent tin and 25 per cent lead. This alloy 
expands when it freezes—a property im- 
parted by the bismuth. Other alloys con- 
taining bismuth in sufficient quantity might 
also be used, but that mentioned has proved 
satisfactory. The low melting temperature 
(about 200 deg. F.) of the grouting alloy 
is also an advantage; it should be remem 
bered, though, that the method can bez 
used only when the temperature reached by 
the liner in service is below that at which 
the grouting alloy becomes soft enough to 
flow. When the precautions mentioned ar¢ 
observed, the results obtained (in a ma- 
chine in which the liners used must be 
parallel and spaced within close limits) are 
reported entirely satisfactory, and_ the 
method is economical 


In this instance, the liners position plain 
bearings, but the utility of the practice out- 
lined might well be extended to include 
liners for other purposes. It doubtless could 
be used also to grout in place solid parts, 
such as ground shafts that must extend 
from a casting to form an accurately ma- 
chined mounting for some other part of 
a machine. 


Blue-black finishes are produced on pins, 
bushings, etc. by quenching into soluble oil 
from a molten nitrate salt bath at 700 to 
900 deg. F. A fairly permanent gray-black 
finish, well suited to such products as 
screws, is obtained by quenching from a 
draw at 600 to 700 deg. F. into ordinar) 
quenching oil 


Heat Treating Hints, 
Lindberg Engineering Co 


In machining dense, close-grained alum 
inum bronzes like Ampco metal, tools made 
of the readily obtainable cobalt steels are 
best for roughing operations, since they 
are tougher and retain their cutting edges 
better than ordinary tool steels. For finish- 
ing operations, tungsten carbide tools are 
preferable, though not essential. 


Engineering Data Sheets, 
Ampco Metal, Im 


Die Casting vs. Assembly of 
Stamped and Screw Machine Parts 


by L. P. Held 
Mt. Vernon Die Casting Co. 


Designers interested in low-cost products 
usually aim at a minimum number of parts, 
the fewest possible machine operations and 
the simplest and quickest assembly attain- 
able, as well as at low tooling costs. For 
this reason, one often finds a single die 
casting taking the place of an assembly 
built up from stamped and screw machine 
products. 





A very good example of this type of 
design-choice is the mnumber-stamp part 
shown here. Originally, the U-shaped part 
was first stamped and pierced, then formed. 


( ONTINUED ON PAGE 62) 
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Afterward it received two pivot pins and 
a stem with a threaded end made in a 
screw machine. Today, this assembly is a 
single zinc alloy die casting, produced in 
one piece that includes the U-shaped por- 
tion having holes in accurate alignment, a 
pair of pivot pins cast integrally and a 
stem that is also an integral part of the 
casting. Also formed by the die are V- 
shaped slots, which provide a dovetail for 
fastening the casting to a mating part. 

The only machining required is to ream 
the holes, as the thread at the end of the 
stem is cast. An equivalent machining op- 
eration was required on the stamped part as 
well as some others not needed on the die 
casting, which is held within close dimen- 
sional limits. No screw machine operations 
are needed and the one-piece die casting, 
of course, reduces assembly costs to zero, 
as far as this element is concerned 

A single inexpensive die does the whole 
job, hence tooling cost is less than for the 
parts formerly used. The zinc alloy die 
casting is not subject to red rust, as steel 
parts would be, and is amply strong for 
the operations required. 


For stripping tin coatings from brass or 
copper, a product known as “Ferrisul” (90 
per cent ferric sulphate; manufactured by 
Monsanto Chemical Co., Merrimac Div., 
Boston) is said to be satisfactory. For ex- 
ample, a solution of 10 grams of Ferrisul 
and 10 grams sulphuric acid per 100 ce. 
removes a 0.0005-in. hot-dipped tin coat- 
ing from 70/30 brass in 5 min. at 165 deg. 
F. and in 15 min. at 83 deg. F. Brass is 
attacked about Y; as fast as the tin, the 
rate of attack being greater on high brass 
than on low brass or copper. 


—Tin and Its Uses, 
Tin Research Institute 


Welding Aircraft Fuselage Tubing 


by Hanford Eckman 
Piper Aircraft Corp. 


A number of useful details of our prac- 
tice in the oxyacetylene welding of thin- 
walled tubing in fuselages for light planes 
may be of interest. These “kinks,” to- 
gether with the basic use of tubular design 
and oxyacetylene welding, have resulted in 
a high rate of production with a minimum 
of special tools and jigs. 

Stock tubing is received in 12 to 20-ft. 
lengths, cut to size and then shaped for 
assembly. The various jigs used for holding 
the tubing during the shaping operations are 
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Nothing succeeds like success! 
SHOP NOTES has been promoted 
from a lowly position near the end 
of the magazine to one nearer the 
front. This added prominence 
should entice even more contributors 
to submit material for publication 
here. 

Authors in the SHOP NOTES de- 
partment find themselves in the best 
of company, too—"names’”’ like Ber- 
lien, Chase, Eckman, Held, Isenbur- 
ger, Longwell, Mudge, Robbins, 
Schlegel, Wilcox, etc. can and do 
Lrace the best pages of the metal 
magazines. And, in addition, we'll 
pay contributors for all original 
item ACCEé pted 7 he Edit ’ 











fabricated by bronze-welding, a process that 
is particularly effective for this type of 
work because of its great flexibility and 
speed. 

The bronze-welding in addition has been 
considerably speeded by the use of a vapor 
flux dispenser (made by Linde Air Products 
Co., 30 E. 42nd St., New York), which 
causes the acetylene as it flows toward the 
blowpipe to pass through a liquid flux; the 
flux is entrained as a vapor and passes 
through the blowpipe directly to the point 
of operation—in automatically controlled 
amount and at just the right moment. 
Bronze welds so made are sound and of ex- 
cellent appearance. 





Fig. 2. 


The various shaped tubular members are 
then fabricated into component aircraft 
parts. Manifolded oxygen and generated 
acetylene are supplied through a piping 
system that terminates in a number of stra- 
tegically located drop rings similar to that 
shown in Fig. 1. These drops provide for 
a total of 124 separate welding stations, 
all so positioned as to provide the maxi- 
mum effective working space for each op- 
erator. In addition, the method of suspen- 
sion from above conserves valuable unob- 
structed floor space all along the line. 

In the fuselage department the shaped 
sections of tubing are set up in jigs for 
tack-welding. The jigs (Fig. 2) are of 
heavy rigid construction, and provide for 
exact positioning and firm clamping of the 
members; if unfavorable warpage is likely, 
provision is made for keeping the body of 
the metal cool during welding, yet jig con- 
struction is such as to prevent the edges to 
be joined from becoming unduly chilled. 

On completion of tack-welding, the fuse- 
lages are mounted fore and aft in wheeled 
dollies like that in Fig. 3 and passed along 
to be finish-welded. This last operation is 





Fig. 3. 


facilitated by rotating the entire fuselage 
in the dolly in order to obtain the best pos- 
sible welding position for each joint. 


From a paper presented 
before the American Welding S ty 


Carbide Tools for Steel Cutting 


by James R. Longwell 
Carboloy Co., Inc. 


} 


In selecting the proper standard car! de 
tool for any job, or designing a special 0! 
where standard tools cannot be used, a ew 
simple considerations are important: 

It must be remembered that with car! ide 
tools, part of the steel shank is mi’ ‘ed 
away for the brazing-in of the carbide ‘ip. 
It is necessary, therefore, to increase the 
thickness of the shank over that used for 
high speed steel tools, to compensate tor 
this recess. It is the shank, of course, which 
resists the downward, sideways and twist:ng 
cutting pressures. In selecting a tool, pick 
one with a shank heavy enough to handle 
all the jobs on which the specific tool is to 
be used. 

In addition to its effect on strength, the 
size of the shank affects heat dissipation; 
the larger the size of the shank, the faster 
the heat dissipation—a desirable character- 
istic with carbide tools in view of the vastly 
higher cutting speeds and chip removal of 
which they are capable. 

Tip proportions should be selected so 
that when the tool is worn out there is a 
minimum of carbide left. The thickness 
should be roughly 50 per cent greater for 
cutting steel than for cutting cast iron, The 
tip should be thick enough to allow the 
tool to be ground on top and yet not be too 
thin before the area has been reduced to 4a 
minimum by regrinding. 

A little extra thickness is required for 
machining that involves interrupted or ec- 
centric cuts, unusually deep cuts, and where 
machines have considerable backlash. As 4 
general rule the tip width of a side cutting 
tool, for instance, should be half the length. 
since wear and grinding reduce the tip size 
in about those proportions, under average 
conditions 
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Blast Furnace Practice, Smelting, Direct Reduction 
and Electrorefining. Open-Hearth, Bessemer, Elec- 
tric-Furnace Melting Practice and Equipment. Melt- 
ing and Manufacture of Non-Ferrous Metals and Al- 
loys. Soaking Pits and other Steel-Mill and Non- 
Ferrous-Mill Heating Furnaces. Steel and Non-Fer- 
rous Rolling, Wire Mill and Heavy Forging Practice. 
Foundry Practice, Furnaces, Equipment and Materials. 
Manufacture of Die Castings. 


Sand Cores at High Temperatures properties of cores at room temperature, 
very little definite information on core be- 


Co 3 ra) J 5 y . : 
ae. Benavion at ELevatsp Tem havior at molten-metal temperatures is 
PERATURES Harry W. Dierert. Foun vailable I een! it ie be 

iry, Vol. 68, Oct. 1940, pp. 52, 112, available. nm general, it is known that 
‘15.  fadeibiabsion. at such temperatures a core first expands, 
and then collapses when the bond (oil, 

Although foundry engineers are familiar say) is destroyed by the heat. 
with methods of controlling the physical Specifically, it would be desirable to be 


DO YOUR OWN CASTING FAST 
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able to control this expansion and col. 
lapsibility of cores at high temperatures 
through tensile strength and core hardness 
test data. The author has therefore cor- 
related thermal expansion and collapsibility 
with core hardness and baked tensile 
strength, using a special dilatometer fur- 
nace for both expansion and collapsibility 
tests. The core specimens were prepared 
from a mixture of Michigan City lake 
sand, (A.F.A. fineness 55), 1.3% cereal 
binder, and linseed-oil-base core compound 
varied from 2% to 1% by volume; the 
specimens were baked at 400° F. 

As the tensile strength and hardness of 
a core decrease, its expansion decreases 
rapidly. A tensile strength of 190 lbs./in2 
and hardness of 75 correspond to an ex- 
pansion of 0.091 in./in. of core length: 
with the strength at 130 lbs./in.~ and hard- 
ness at 59, the expansion becomes 0.004 
in./in. Thus cat whiskers, fins, hot cracks 
and other defects attributable to high ex- 
pansion may be held in check by keeping 
strength and hardness at the lowest feasible 
levels. 

Likewise core collapsibility, and _ there- 
fore such defects as dirt and core washes 
(too-fast collapsing) or Aot cracks and 
difficult shakeout (too-slow collapsing 
may be controlled through core tensile 
strength and hardness. Strong cores (190 
lbs./in.*) collapse slowly (6.3 min.) where- 
as weaker cores (130 Ibs./in.*) collapse 
fairly rapidly (4.1 min.) 

Core permeability and clay content also 
influence the rate of collapse. Increasing 
the clay content serves to retard collapsibi 
ity. Also, as core sand becomes finer ‘he 
core will collapse more slowly and will re- 
quire more effort to shake out. FPP(1) 


Why carry stocks of special shapes? Therw-ll-flake 


with J-M FIRECRETE 


OU can make shapes right in your own plant with this 
dependable, hydraulic-setting refractory. Casting is 
simple and rapid, for Firecrete handles as easily as or- 








INSULATING CONCRETE 


A Light Weight High Temperature Concrete with 
Double Insulating Value 


The 24%" of THERM-O-FLAKE Concrete 
shown in an Open Hearth checker chamber 
bottom is used to protect the concrete founda- 
tion pad from excessive temperatures. It is 
equivalent in insulating effect to about 15” 
of fire brick. 


Reduces usual insulating concrete thickness by about half. 


dinary concrete. It forms shapes that are unusually dura- Increases effective depths of flues and checkers in Open Hearth 
ble, will not shrink or crack, offer high resistance to furnace construction. 


spalling. Ideal for dampers, poured door linings, flues 
and pipes, Firecrete is available in three types: Standard 


Protects concrete foundation pads from excessive heat. 
a 


Firecrete, H.T. Firecrete and L.W. Firecrete. For details, Allows increased magnesite thickness in Open Hearth bottoms. 
send for brochure D.S. 700. Johns-Manville, 22 East 40th Smeooths surface irregularities on Open Hearth bottom pens. 
Street, New York, N.Y. 

, a 


M JOHNS-MANVILLE Write for Information and Prices 
REFRACTORY PRODUCTS Other Therm flake Products 


Made from Exfoliated Vermiculite 
Available on Phone Call at your Nearest Distributor Granules - Coating - Brick - Block JOurer, st. 
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4% 
4 ruline Binder comes to 
you as a uniformly pulverized pow- 
der, in clean convenient-sized paper 
bags, easy to handle. It mixes 
readily with green, dry, or reclaimed 
sand. The core-sand mix has low 
green strength, rams quickly, allows 


you to turn out more cores per hour. 


Interested? Read on 

@ Truline Binder bakes quickly to a 
strong. bond, because it fuses and 
hardens and does not require air to 
develop bond. You get good cores, with 

excellent dry strength, that stand up 
= to the action of hot metal with mini- 
mum cutting and washing. And, | 
incidentally, you can often use high 
ed proportions of reclaimed sand. The 
ss real meat here is that baking times are 


sharply cut. 








REG. U. S. PAT. OFF, 


That’s not all . .. 


Truline Binder loses its’ bond, 


Get more CORre0&ésS oa above 650°F. Thus, cores 


collapse and disintegrate as the heat 

al of the casting gets into them. The 
Cire more sound, result is easy knockout and a big 
reduction in cleaning time. Thus, you 


elean Cas tings yaaa much faster on the cleaning 


The final touch of speed is gained 
WITH THIS LOW-COST BINDER Beg with Vedinishiadilt” attee 
that collapse in time, your castings 
can shrink freely. Rejects due to 
shrinkage-cracks are held to a mini- 
mum, further increasing your produc- 
tion. 





TYuline Binder is doing these things 
for others right now. 


Any or all of these benefits may be 
realizable in your own foundry opera- | 
tions. If you’re interested in more | 
good cores and castings per man-hour 
from your present equipment, write 
for full information and a trial amount. 
Or better still, ask us to demonstrate 
Truline Binder—the new-type bonding 
agent—right in your own plant. 


USE THE HANDY COUPON 


JJ-36 
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Bessemer Steelmaking 
A Composite 


The revival of American interest in the 
Bessemer process of steelmaking continues, 
impelled by new methods of controlling the 
uniformity of the product (see “Jones and 
Laughlin’s Controlled Bessemer,’ METALS 
AND ALLOoys, Vol. 10, July 1939, p. MA 
454, and “The Acid Bessemer Process of 
Steelmaking” in the Sept. issue, p. MA 
528) and the independence of the procéss 
on the availability of steel scrap. Never- 
theless the ratio of Bessemer steel produc- 
tion to open-hearth production is still de- 
clining slowly. 





1 Faster Melting. 
2 Lower Metal Losses. 


3 Higher Average 
Quality of Product. 


4 Less Machine Shop 
Scrap. 
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These are but a few of the many advantages of this 
remarkable furnace. But don’t take our word for these 
claims—find out for yourself. Let us arrange for you to 
see a few of these furnaces in operation and talk to 
their owners yourself. Get the low-down first hand from 
those who know. Write for further facts today. 
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The Acid Process in America 


A searching review of the history of the 
acid Bessemer process in America, its pres- 
ent status and possible future trends is 
given by H. W. GRAHAM of Jones & 
Laughlin Steel Corp. (‘The Acid Bessemer 
Process of 1940,” Metals Tech., Vol. 7, Oct. 
1940, 17 pp.) The downward trend of 
the ratio of Bessemer production to open- 
hearth will continue for the next few 
years, only new applications for Bessemer 
steel in place of open hearth, or a large 
market for entirely new Bessemer products, 
being capable of changing the trend. 

On the other hand economic trends, par- 
ticularly the decreasing availability of steel 
scrap, of the next decade or two will favor 
a revival of converter operation for Bes- 
semer ingots or duplex metal. The revival 








WAYS YOU PROFIT 
WITH A DETROIT ROCK- 
ING ELECTRIC FURNACE 


5 Saving in Floor Space 
and Molding Equipment. 


6 Use of Cheaper Raw 
Materials, 


7 Less Labor. 
8 Saving of Alloys. 
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will be limited only by the rapidity and 
completeness with which management, 
operators and metallurgical engineers solve 
the manufacturing and quality problems 
involved. 

Bessemer steel uniformity has always 
been limited by difficult metallurgical con- 
trol and by the small size of individual 
heats. The above-mentioned recently devel- 
oped control method, however, is said to 
offer possibilities of controlling the Besse- 
mer process with a precision impossible in 
open-hearth steelmaking. Essentially, the 
Bessemer process involves only one raw 
material (liquid pig iron), to which only 
one processing material (compressed air) 
is added. Two blows of Bessemer steel 
will thus be alike if blown from iron of 
the same analysis and “turned down” at 
precisely the same point. 

FP’ »wever, variations in the heat-produc- 
ing constituents of the iron are usually 
compensated for by variation in the cooling 
materials used—-scrap, ore or steam. The 
silicon content of the pig iron is a very 
important and often insufficiently controlled 
variable; it seems that if the highly desir- 
able close control of silicon content is to 
be achieved, the blast furnace must be oper- 
ated at a lower silicon level, with ferro- 
silicon added to the analyzed iron to bring 
the silicon content of the Bessemer charge 
up to some uniform level. 

Other developments that are practically 
essential to enhanced utility of the Bes- 
semer process are (1) a dependable device 
for measuring iron temperatures (photo- 
cell equipment, already developed), (2) re- 
frigeration of the Bessemer blast to uni- 
form temperature and humidity, (3) better 
control of blast pressure and volume. 


The “modernizing” of Bessemer stee!s’ 
physical properties depends on consider.- 
tions of hardness, embrittlement and agins 
Tensile tests of specimens of vario 
nitrogen contents show that the norm. 
tensile strength increases with increasin; 
nitrogen; thermal aging raises the ultima 
strength, and this effect increases sharp 
with increasing nitrogen. Work hardenin z 
cold-work-embrittlement, time-aging, eic 
may also be similarly affected by nitrog:n 
content. 
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Dephosphorizing Acid Steel 


A recent development in American prac- 
tice, intended to produce a low-phosphorus 
Bessemer steel (for uses to which the 
normal grade is not adapted) from the 
generally available ores, is described by 
G. M. Yocom of Wheeling Steel Corp. 
(“A Method of Rapid Dephosphorization 
of Bessemer Steel,’ Paper, Am. Inst. Min- 
ing Met. Engrs., Oct. 1940, 15 mime- 
ographed pp.). The new practice involves 
dephosphorization by treating the blown 
steel with a basic material during trans- 
fer to the ladle, and is of interest not 
only from the processing viewpoini, but 
because it appears to provide a steel with 
inherently different properties than those 
of normal acid Bessemer steel and soft 
open hearth steel. 


The highly siliceous converter slag must 
be separated from the blown metal before 
dephosphorizing with basic materials, so 
the converter practice is controlled to pro- 
duce a thick viscous slag that can be me- 
chanically held back from the pouring lip 
when the vessel is tilted. Young blow- 
ing, and higher ratios of silicon to man- 
ganese (214 to 1) in the iron, produced 
the best type of slag. 


Blown metal temperature must be higher 
than normal in order to melt the de- 
phosphorizer, added in the cold state. The 
control of manganese and silicon just men- 
tioned is effected not by selecting ores, 
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PS. SWANMANITE RAMMING WX 


and one man's furnace 


FURNACE 500 lb. Moore ‘Lectro- PRODUCT Nickel anodes. 


melt. 
ROOF p. 8. sLIMANITE RAMMING 


I cd ected ~r type gat ng 


‘ used for monolithic roof. 
ing 753 lbs. of metal per heat. One required. 
P. B, SILLIMANITE RAMMING MIX 


roof outlasted 4 silica side walls. 
POWER CONSUMPTION 


High 589 KWH per Ton. 
PRODUCTION 1,710,510 lbs. of metal Low 533 KWH per Ton. 
or 855.25 tons. Average 553 KWH per Ton. 


COST OF ROOF a 


Cost per ton 


These are typical operating facts about P.B, SILLIMANITE RAMMING MIX. You 
can not afford to overlook an operating statement of this kind, if you are using 
electric melting furnaces of this type, in the smaller sizes—1000 lbs. and under. 
P.B. SILLIMANITE RAMMING MIX will give you equal economy. 


Write today for performance reports. 
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but by adjusting the silicon content of 


normal irons. The (dry) dephosphorizing 
material—a mixture of 50% impure lime, 
30% roll scale and 20% flux, made up 
shortly before using—is added to the stream 
of metal as it is being poured from the 
converter into the steel ladle. 

The degree of phosphorus elimination 
is proportional to the amount of de- 
phosphorizer used, beyond that required 
to neutralize acid contamination. Blown 
metal phosphorus contents of 0.09-0.10% 
are reduced to 0.035% P by treatment with 
78 lbs. of dephosphorizer/ton; to 0.050% 
P with 62 lbs./ton; and to 0.065% P by 
54 lbs./ton. 

The hot working and rolling quality of 
the dephosphorized steel is superior to the 
untreated normal-phosphorus product. 
The lowest-phosphorus Bessemer _ steel 


closely approaches the mechanical proper- 
ties of soft open hearth steel. In cer- 
tain products the low-phosphorus steel is 
better than either open hearth or regular 
Bessemer steel. The extra cost of the 
method is low, and the cost differential 
between open hearth and Bessemer steel is 
not destroyed. 

Among the disadvantages of the meth- 
od are: (1) Lower yields are obtained 
owing to the use of iron of higher metal- 
loid content. (2) Only 3% of scrap is 
melted, as against 7-8% for normal prac- 
tice. (3) The method is limited to the 
production of soft steels. 


Adapting the Acid Process Abroad 
American iron is low in phosphorus, 


and, of course, the acid process is almost 
exclusively used. Abroad, however, so 


Maintenance Costs Reduced by 


Refractory Concrete Door Linings and 
Heat-Resistant Concrete Foundations 


.»» BOTH MADE WITH LUMNITE 
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J bees Columbia Tool Steel Company used 
Refractory Concrete to line the three 
doors on each of two billet heating furnaces 
in their Chicago Heights, Ill., plant. These 
linings must stand up under high tempera- 
tures—and the shocks of frequent opening 
and closing. 

... The one-piece, cast-in-place linings have 
no joints to open, no small parts to work 
loose. They are custom-made to fit the 
frames. 

--«Made with LUMNITE and crushed fire 
brick, easily mixed and placed, the linings 
are low in first cost. Longer life, as well, 
means lower cost per ton of steel. 


Heat-Resistant Concrete foundation slabs 
beneath these furnaces withstand the dis- 
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integrating effect of soaking heat. Here 
again, LUMNITE makes possible the use 
of monolithic concrete in spite of high tem- 
perature. 


Refractory Concrete made with 
LUMNITE—a cold-setting, heat-resistant 
binder—and suitable aggregates can save 
money in your plant, too. It withstands 
physical abuse and thermal shock. Its 
adaptability cuts masonry costs by permit- 
ting quick, easy placement in hard-to-get-at’ 
locations... Absence of joints reduces heat 
loss and wear. 


For detailed information on Refractory 
Concrete write Atlas LUMNITE Cement Co. 
(United States Steel Corp. Subsidiary), 
Dept. M-5 Chrysler Bldg., New York City. 
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much high-phosphorus iron must be ep, 
ployed that the basic Bessemer process is 
in wide use. However the cleaner steg| 
characteristic of acid practice can be pro. 
duced by after-treatment of acid Bessemer 
steel with dephosphorizing slags, either 
the Perrin process or by duplexing acid stee 
in basic electric furnaces. 

The Perrin process for de-phosphorizing 
(in the ladle) the acid Bessemer product 
sO as to permit the production of low-cay. 
bon steel ingots from high-phosphorus iron 
in acid converters, is examined by B. Yan. 
ESKE (“The Manufacture of Steel by the 
Perrin Process,” Iron & Steel Inst., Ady 
Copy, Sept. 1940, 38 pp.) After consid. 
erable investigation, a plant using the Per. 
rin process is to be constructed in India 

In the process molten steel is poured 
into molten slag, and depending on the slag 
composition, the steel is either deoxidized 
or dephosphorized. At Tata it has beep 
found practical to blow hot metal contaip. 
ing about 0.30% P in an acid converter 
and to remove most of the phosphorus jp 
the blown metal by pouring it into a basic 
oxidizing slag in the casting ladle. Alloys 
are then added in a red-hot condition to 
the steel and it is poured into ingots. The 
slag may be either a synthetic slag ( prefer. 
able) or a basic open-hearth slag low jn 
acids and high in FeO. 

Attempts to improve the quality of rim. 
ming Bessemer steel to make it more com. 
petitive with open hearth are reported by 
R. LeEMoOINE (“Note sur un (Procédé 
d’Amélioration des Aciers Thomas Doux 
Effervescents,”” Rev. Met., Vol. 36, Dec. 
1939, pp. 522-524). Duplex treatment of 
the Bessemer steel in a basic electric fur. 
nace with 2 slags (an oxidizing Jephos. 
phorizing slag and a reducing finishing 
slag) lowered the phosphorus, but 1 mming 
action was irregular, quality was in proved 
only slightly, and the 2 hrs.” time in the 
electric furnace increased the ccst too 
much. 


A successful practice finally developed 
comprised subjecting the Bessemer steel to 
an alkaline treatment (sodium carbc nate or 
derivatives) in the ladle en route to the 
final electric furnace refinement, which 
lasted 40-50 min. The phosphorus was 
markedly decreased, the sulphur somewhat 
lowered, and rimming action was uniform. 
Extra cost was not excessive and the elon 
gation of the finished steel exceeded that 
of open hearth steel of equivalent analysis. 

X (1a) 


Cast Iron Ingot Molds 


StupyY OF THE IMPROVEMENT OF CAST 

Iron Incot Mops (“Untersuchung zur 

Verbesserung der Kokillenhaltbarkcit”) 

A. Ruistow. Stahl wu. Eisen, Vol. 60, 

May 9, 1940, pp. 401-404, 427-433. 
Research. 


Records were kept of ingot mold life, ex 
pressed in kg. of mold used per ton 
steel cast, for various gray cast iron mold 
compositions. 


Raising the manganese content of the 
cast iron decreased mold life, whereas rais 
ing the silicon content increased it. 
relatively small molds graphite content of 
2.8 to 3.2% gave the best life. The com 
bined-carbon content should be on the low 
side. More conical and longer molds, 

a ratio of mold weight to ingot weight of 
1:1 or 1:1.3 gave the best results. 


The longest mold life was obtained wheo 
the ingots were stripped as soon as poe 
sible after pouring, say within about 1% 
hrs. Quenching the hot molds in water 0 
spraying them was detrimental. It 1s 
to cool the molds slowly. They should not 


be used more than 2 or 3 times a Feu 
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Annealing Deep-Drawing Steel 
A Composite 


Comprehensive German investigation of 
the process of annealing cold-rolled strip 
steel to be deep-drawn into small hard- 
ware and fittings’ will interest American 
metallurgical engineers studying the same 
problem. [German publications, after sev- 
opal months of extremely irregular and de- 
layed delivery, are now reaching this coun- 
ivy with reasonable promptness by way of 
Siberia and Japan.—Ed.} Attention is paid 
to the merits of continuous annealing (nor- 
malizing) as against box annealing, to opti- 
mum time and temperature, and to prop- 
erties obtained—all topics of current metal- 
lurgical discussion in this country. 

In the first of 2 related studies, A. 
Pomp « G. NieBcH (“Ueber den zeit- 
lichen Verlauf der Entfestigung beim 
Gliihen von kaltgewalztem Tiefziehband- 
stahl,” Mitt. Kasser-Wilhelm-Inst. Eisen- 
torsch. Disseldorf, Vol. 22, No. 8, 1940, 
pp. 109-119) determine the time required 
for continuous annealing and for box an- 
nealing at various temperatures to produce 
soft material and an annealed structure, the 
purpose being to explore the possibilities 
of replacing the generally used box-anneal- 
ing practice with continuous electric fur- 
nace nealing. 

Steel strips 8 in. long, 1.6 in. wide and 


0.04 thick were cold-rolled with 10, 20, 
40 and 60% reduction and annealed in a 
continuous electric furnace for 1-3 min. at 
1200°-1650° F.; tensile properties and 
struct were compared with those of con- 
ventionally box-annealed strip. 

Sa -s rolled with 40 and 60% reduc- 
tion e fully softened at 1200° F. after 
1.5 _ and at 1470°, 1560° and 1650 
F. at 1 min.; longer annealing times at 
thes mperatures brought no further 
chan in mechanical properties. Tensile 
stren and elastic limit were up to 7% 
highe in the continuously heated than in 
the b. -h-heated samples. The ratio of elas- 
tic to |timate strength was about the same, 
whil elongation at fracture was slight- 
ly | r than in the batch-heated sample. 

Aft.r the shorter times of annealing at 
the | r temperatures, the structures were 
the for both types of heating, but if 
the t of annealing was extended the 
continvously annealed samples showed dis- 
tinct cementite formation, owing to re- 
crystallization, which does not occur in 
ordinary box-annealing. 


1 
rn 


samples cold-rolled with 20% re- 
duction were fully softened at 1200° F. 
after 3 min. continuous annealing, at 
1300° F. after 2.5, at 1380° F. and 1470° 
F. after 1.5 min., and at 1560° F. and 
1650° F. after 1 min.; no further change 
took place with longer annealing times. 
Tensile strengths practically equivalent to 
those of the batch-annealed samples were 
obtained at all annealing temperatures 
under As; the elastic limit and the ratio 
of elastic to ultimate strength were, how- 
ever, considerably lower for the continuous 
annealing, and the grain was slightly 
coarser. 

Cold-rolled samples with 10% reduction 
were fully softened only at furnace tempera- 
tures of 1470° F. and higher—after 2 min. 
at 1470° F., 1.5 min. at 1560° F., and 1 
min. at 1650° F. The mechanical proper- 
ties were about the same as those of the 
20% reduced and continuously annealed 
samples, but the grain was distinctly coars- 
er even before complete softening. 

Thus, low-carbon steel loses the hard- 
ening due to cold-rolling after short an- 
nealing times; for temperatures under As, 
the strip rolled with higher reduction will 

come softer in shorter time; for tempera- 
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tures over As, the time is not necessarily 
shorter because of high reductions. The 
continuous electric annealing process prom- 
ises successful application for cold-rolled 
deep-drawing steel. 


In the second part of this research, 
Pomp « NigescH (‘Das Blankgliihen von 
kaltgewalztem Tiefziehbandstahl im Durch- 
ziehofen,” 
tensive comparison of the mechanical prop- 
erties of two 0.06% C strip steels annealed 
by the two methods. The analyses of the 
2 steels were similar except that steel 1 had 
0.009% P and steel 2 had 0.023% P;; steel 


Ibid., pp. 121-136) make ex- 


f 


1 showed 0.07% Cu, and steel 2 contained 
0.16% Cu. Both steels had Ac3 points at 
1615° F.: 


steel 2’s 1337° F. 


steel 1’s Acl was 1346° F. and 
Steel 1 was “probably” 





» 


made in the electric turnace, and steel 2 
(killed with aluminum) in the open 
hearth. 

Strip-speeds of 25 in./min. to 10 ft./min. 
at 1100°-1800° F. were studied. No signi- 
ficant property variations were recorded be- 
low 1200° F., these temperatures being too 
low for useful softening. At 1300° F. 
strip velocity within the range studied had 
no noticeable effect on the results obtained. 
Steel 1, no matter what its prior cold-re- 
duction, developed about the same proper- 
ties as the box-annealed material and was 
slightly superior in elongation at fracture 
deep-drawability and elastic ratio. 

With steel 2, however, continuous anneal- 
ing at 1300° F. gave results inferior to 
batch annealing. On the other hand, at 
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met this vilal need 
The heating of shell and gun forgings 
calls for uniform temperatures! AMCO 
FURNACES are modern versions of 
designs proved in actual service...the acid 
test for such important operations. 
Write for details on the complete line 
of AMCO Furnaces, one of which will 


no doubt serve your particular purpose! 
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. these useful elements, as contained 
in TAM original F.C. T. and TAM medi- 
um Carbon F.C. T., are widely employed 
to improve the quality of steel. TAM’s 
remarkable deoxidizing power produces 
superior steels from the highest carbon 
down to the lowest carbon made. Its abil- 
ity as a grain refiner produces a larger 
number of centers of crystallization and 
finer grain throughout the ingot. Full spec- 
ifications and recommended uses of TAM 


materials for steel will be sent on request. 
A TAM representative is available for 


consultation on specific applications in 


your plant. Write: 


ALLOY MANUFACTURING COMPANY 


NIAGARA FALLS, N. Y., U.S. A. 

















ns 


VAP CA Na anes 


— eer om 


5 Sat, 


rid 


Type 25, all-welded Heroult Furnace 
with conical shell which materially 
increases cold scrap capacity. 


For low-cost, efficient melting and refining of all kinds 
of ferrous materials by either basic or acid process— 
including alloy, tool, and forging steels, iron and steel 
castings. Any capacity from 14 ton to 100 tons; hand, 
chute, machine or drop-bottom bucket charging. 


AMERICAN BRIDGE COMPANY 
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higher temperatures continuously annealed 
steel 2 developed a higher tensile strength 
and elastic limit than, and about the same 
elongation and deep-drawability as, the 
batch-treated samples. The difference in 
behavior of the 2 steels is ascribed to dif- 
ferences in their manufacturing (melting) 
methods. Ha (1a) 


Applied Tension in Cold Rolling 


Errect OF ForRwaRD AND BACKWARD 
PuLL IN THE CoLp-ROLLING oF STRIP 
SreEL IN A _ 12-Rott Cotp-ROLLiInc 
Sranp (“Einfluss des MHaspel- und 
Bremszuges beim Kaltwalzen von Band- 
stahl auf einem Zw6lfwalzen-Kaltwalz- 
gerist’) W. Luec & F. ScHULTZE. 
Mitt. Kaiser-Wilhelm-Inst. Etsenforsch., 
Diisseldorf, Vol. 22, No. 7, 1940, pp. 
93-108. Research. 


This is said to be the first attempt to de- 
termine the effect on rolling pressure of 
backward or forward tension (or both to- 
gether) exerted on the strip in cold-rolling. 
The experiments were made on a cluster- 
roll stand with working rolls of ¥% in. 
diam. and 31% in. length, 2 intermediary 
¥/,-in. supporting rolls and 3 outer 1.5-in. 
supporting rolls of 40 mm. diam.; deep- 
drawing steel strip 0.6 in. x .020 in. was 


rolled 


[he conclusions drawn are that rolling 
pressure and average deformation resistance 
decrease a little more than linearly for all 
reductions with increasing forward tension 
(pull): for a tension of 35,500 Ibs./in.® the 
pressure at a 10% reduction was 31%, 
for 50% reduction about 10%. When 
olls were lubricated, these two figures 
be ame 33 and 13%, respectively— prac- 
tic.lly the same as when unlubricated. The 

nce” increased considerably with in- 

ng forward pull, e.g. for 49,800 Ibs./- 
tension and 30% reduction an in- 
( from 2% to 23% without, and from 
to 31% with lubrication. 


these figures were obtained with 
nnealed strip; practically the same re- 
were found with previously-rolled 
(without lubrication). When rolling 
usly-rolled strip, with simultaneous 
po ication of forward and back pull, the 
infiucnce of the back pull on decrease of 
rolling pressure and deformation resistance 
was smallest at small reductions and gradu- 
ily increased with increasing reductions; 
this is just opposite to the effect of the 
rd pull. 


oa 


The effect of the back tension is al- 
most independent of the simultaneously 
present forward tension. Compared with 
the forward pull, the effect of the back 
pull was greater, particularly with greater 
reductions. For 40% reduction and 28,400 
lbs./in.? pull in both directions, the re- 
duction of the rolling pressure by the back 
pull was about 3 times as much as that 
by the forward pull. The “advance” de- 
creased with increasing back pull. Ha (1a) 


1b. Non-Ferrous 


Copper Refinery Slags 
A Composite 


Some recent Russian work on the han- 
dling of slags during copper refinery opera- 
tions and the disposition of slags after run- 
off should be of interest to American metal- 
lurgical engineers in the copper-producing 
industry. 

Working with smelter slags of 55% SiOx, 
20% FeO, 8% CaO and 20% AlOs, D. 
M. YUKHTANov (“The Influence of So- 
dium Oxide on the Properties of Slags of 
Karsakpai Copper Smelter,” Tsvetnye 
Metally, No. 10-11, 1939, pp. 108-122; 
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SMELTING 


Illustration shows top charge type LEC- 
TROMELT furnace with roof raised and 
rotated to one side to permit quick 
charging with drop bottom bucket. 


LECTROMELT furnaces offer the rapid and economic means for 
the production of plain carbon and alloy steel ingots and castings 
as well as gray and malleable irons. Top charge and door charge 
types are both available. LECTROMELT furnaces are built in 
standard capacities from 25 pounds to 100 tons. Write for details. 


PITTSBURGH LECTROMELT FURNACE CORP. 


Pittsburgh, Pa. 
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less time. Provides better lubrication for 
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RODINE, added to the pickling bath, 
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brittleness, and lowers pickling 
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in Russian) attempted to lower their melt- 
ing temperatures and viscosity. 

Introduction of alkali into the charge 
lowers considerably the melting tempera- 
ture of the slag. Addition of 2% Na:O 
lowers the melting temperature by about 
200° F. The viscosity of the smelter slags, 
420 poises at 2340° F., is lowered to 120 
poises by the introduction of 2% Na,O. 
The lowering of melting temperatures and 
the increase of fluidity result in economy 
of fuel and in the decreased losses of 
copper in the slags. 

Other methods of decreasing the losses 
of copper in the slag are reported by V. 
S. SOKOLOV (‘Refining of Converter 


Copper,” Jldid., No. 2, 1940, pp. 46-54; 
in Russian), based on experiments in a 
110-ton furnace Decreasing the time of 
blowing, and some changes in the work- 


ing of the heat, reduced the copper losses 
in the slag from 13% to 5%. The amount 
of nickel and antimony in the copper, how- 
ever was not reduced. 

The possible use of copper refinery 
slags for neutralizing electrolytes is ex- 
plored by A. I. Levin (“The Use of Re- 
finery Slags for Neutralization of Elec- 
trolytes at Kyshtym Electrolytic Copper 
Works,” Ibid., No. 9, 1939, pp. 85-94; in 


Russian). With the use of special “‘aero- 


lift’’ apparatus designed by the author 98% 
of the free sulphuric acid of the electro- 
lyte can be converted into copper sulphate. 

For best results it is necessary to ob- 
serve the following conditions: electrolyte 
should be diluted to sp. gr. of 1.14 to 
1.16; the temperature of the initial elec- 
trolyte should be maintained at about 175° 
F.; the ratio of weight of slag to weight of 
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HEN you choose Anaconda Electric for the base of 
Zinc die castings, you are certain of obtaining uniform, 
dependable metal. For every slab of Anaconda Electric Zinc 
is electrolytically refined and guaranteed 99.99+% pure. 
Anzconda Electric Zinc is supplied in 50 Ib. slabs clearly 
marked “Anaconda Electric 99.99+%."’ Whenever you use 
this well-known brand, whether in small quantities or carload 
lots, you may be sure that every slab will test 99.99+% pure. 


Shipping Point: Great Falls or Anaconda, Montana 


ANACONDA SALES COMPANY 


25 Broadway, New York 


Subsidiary of Anaconda Copper Mining Company 








free sulphuric acid should be 5 for slags 
crushed to 8-12 mm. size, 4.8-5.2 for 5.8 
mm. size, 4.5-4.8 for 5 mm. size, and 4 
for more finely ground slags. Certain im. 
purities such as clay hinder the process 
and should be removed from the slag. Agi- 
tation is necessary. 


The commercial use of this practice for 
producing copper sulphate from refinery 
electrolytes by treating with slag is de. 
scribed by B. A. RyaBKov (“The Use of 
Refinery Slags for Neutralization of Elec- 
trolytes in the Production of Copper Sul- 
phate at Kyshtym Electrolytic Copper 
Works,” Ibid., No. 10-11, 1939, pp. 102- 
106; in Russian). The iron from slags jis 
precipitated out in evaporators and ex- 
tracted with other anhydrous salts of cop- 
per, nickel and arsenic. The copper sul- 
phate after the second crystallization con- 
tains 21-24.6% Cu, 0.5-0.8% Ni, up to 
0.39% Fe, and 0.2-0.38% free H:SQ,. 
This product is further refined by re. 
crystallization. BND (1b) 


Aluminum Alloy Castings 


“Porosity IN ALUMINIUM-ALLOY Casrt- 

incs.” Foundry Trade J., Vol. 63, 

Oct. 3, 1940, pp. 217-218; Oct. 10, 1940, 

pp. 243-244. Abridged from Aluminium 
Technique. 


The characteristics peculiar to light al- 
loys, indices of porosity trouble, influence 
of alloy composition, melting practice, tem- 
perature and time factors in melting, re- 
moval of gases from the melt, porosity in 
pressure die-castings, sand molds, design 
of permanent molds, dies for pressure <ie- 
casting, etc. are discussed. 


The greater part of the porosity encoun- 
tered in defective castings is due to ga:— 
principally to hydrogen absorbed as si ch, 
and to hydrogen generated from steam {e- 
composed by molten aluminum. On t! ese 
grounds reverberatory furnaces cannot be 
recommended for the melting of alumi: 
for casting purposes. Where pot furn. ces 
are used, the design should be such 1at 
combustion gases cannot reach the sur: ace 
of the melt by passing above the rim of 
the crucible. 


Irrespective of the melting system «m- 
ployed, 3 factors must be borne in mind 
when melting metal for sand and per- 
manent mold castings. First, the charge 
should be run down at a reasonably rapid 
rate to avoid, in the heated (but solid) 
state, undue exposure and possible contam- 
ination. Second, it should be heated only 
to that temperature above its melting point 
which experience has shown to be essen- 
tial to attain ideal pouring conditions for 
the prevailing section of the casting, or for 
the particular size of casting under pro- 
duction. Finally, with the melt up to re- 
quired temperature, it should not be al- 
lowed to “stew” for any longer period than 
necessary. 


An average pouring temperature for all 
aluminum alloys may be taken to be about 
1300° F. An upper limit of 1435° F. has 
been quoted for thin-walled castings to be 
produced in certain of the more difficult 
alloys, while 1250° F. has long been given 
as the lowest permissible figure, this Bei 
applicable to castings of the largest size. 
Eutectic silicon alloys, which are “modified” 
with sodium or sodium salts, must be 
heated to about 1375° F. before pouring. 

The degassing of virgin aluminum alloy 
melts by the use of chlorine, or certain 
volatile inorganic halogen salts, finds lit- 
tle application in normal foundry work; 
this practice is adopted, as a rule, only for 
such special cases as the production of cer- 
tain types of cast rolling slabs or extrusion 
billets. AIK (1b) 
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Foxboro Branches in 36 Cities 


insure Speedy Instrument Service ! 


No matter where your plant is 
located in the United States or 
Canada, there is a Foxboro Branch 
nearby, to save delays in obtain- 
ing and maintaining the best in 
instrumentation! 

At thirty-six Branch Offices in prin- 
cipal cities, engineering counsel, 
maintenance assistance and ample 
stocks of parts and materials are 
always on hand. new and 
exchanged instruments also, at many 
points. In addition, four Branch 
Factories* in strategic cities furnish 
complete assembly, repair and over- 
haul service exactly as it would be 
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done at the Main Factory, using fac- 
tory-made parts. 

Here’s a combination of advan- 
tages you can't afford to overlook! 
A complete line of indicating, record- 
ing and controlling instruments of 
the most advanced, efficient design 
. « . PLUS on-the-spot service to sup- 
ply the right instrument promptly 
when you need it! Write for detailed 
information on any phase of instru- 
Eee that you require. 
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Drop and Hammer Forging, Drawing, Extruding, 
Stamping and Machining. Age-Hardening, Anneal- 
ing, Carburizing, Hardening, Malleableizing, Nitrid- 
ing, Surface-Hardening and Tempering. Heatin 
Furnaces, Refractories, Fuels and Auxiliaries. Wela- 


ing, Flame-Cutting, ere Brazing, Solder- 
lin 


ing and Riveting, Cleaning, Pic 


g, Electroplating, 


Galvanizing, Metallizing, Coloring and Non-Metallic 


Finishing. 


Working of Metals 


A Composite 


When metals and alloys are cold worked 
below their recrystallization temperatures 
they become progressively harder and 
stronger. Repetition of this extremely 
elementary fact may seem to many a sheer 
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waste of space, yet sometimes it seems as 
though it represents the total generalizable 
knowledge about metal-deformation of 
which metallurgical engineers can be cer- 
tain. 

How much harder, how much stronger? 
How shall we evaluate the directional com- 
ponents? What are the effects of prior 
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structure, of purity, of various alloyin 
agents? At what annealing temperatures 
are these effects obliterated in individual 
cases? How does working affect other 
physical properties? When will we be able 
to measure these effects in a standardized 
commonly-accepted fashion? The answers 
to these questions are of much more than 
academic importance, for the effects of 
cold- and hot-work on metals complicate 
their production and fabrication, and have 
a determining influence on their final 
properties and service performance. 


Hot- and Cold-Rolling of Steel 


There has been no lack of seekers after 
these answers, and several papers pre. 
sented at the recent (Oct. 1940) annual 
meeting of the Am. Soc. for Metals gave 
new information. N. P. Goss of Cold 
Metal Process Co. discussed ‘‘Structural 
Changes in Low-Carbon Steels Produced 
by Hot and Cold Rolling’ (Preprint, Am, 
Soc. Metals, Oct. 1940, 14 pp.), giving 
particular attention to directional proper. 
ties and describing a simple diffraction 
method to bring out orientation textures, 


An 0.105% C open-hearth steel was 
hot-rolled, the finishing being carried out 
below A; to develop a strong fiber struc- 
ture. The objects of the study were to 
determine (a) the crystallographic direc. 
tions that lie in the direction of rolling, in 
the transverse rolling direction and in a 
direction normal to the surface after drastic 
hot-rolling below As but above Ai, (b) the 
effect of subsequent cold-rolling on this 
hot-rolled texture, (c) the possible differ. 
ences in the fiber structure, and (d) the 
effect of heat treatment above and hb low 
A; on the directional properties of the 
cold-rolled strip. 


It was found that different orienta ions 
are developed in the hot-rolled and old- 
rolled strip steels and that cold-rc ling 
reorientates the fiber structure of the hot- 
rolled strip. The differences between the 
hot- and cold-rolled textures are not dis- 
closed by the Laue method, which : im 
adequate in dealing with complex or) nta- 
tion structures, but are disclosed by the 
method employed in this study. 


Normalizing at 1700° F. did not re: ove 
the directional properties entirely. A weak 
fiber structure remains even though the 
grains have recrystallized. Annealing at 
1300° F. is less effective in removing the 
directional properties; in this case, the 
preferred orientation of the grains is much 
more pronounced and the grains appear to 
be small. 


An attempt was made by G. L. CLark & 
W. M. SHAFER of Univ. of Illinois 
(“Quantitative Evaluation of Distortion in 
Silicon Steel and in Aluminum,” [6id., 23 
pp.) to correlate measured stresses with 
observed effects on X-ray patterns. Strips 
of 3% Si steel made up of a single crystal 
were bent in such a way that the radius 
of curvature could be accurately measured 
by a modified spherometer, and correlated 
with the measured elongation of the Laue 
spots. Under these conditions, radial astet- 
ism was observed within the elastic limit 
and beyond the elastic limit; a part of the 
rotation or bending of the planes was 
elastic. 


With single crystals of aluminum and 
polycrystalline aluminum specimens, equiv- 
alent amounts of cold-working, whether by 
rolling or elongation by tension within the 
limits of deformation used by the authors, 
produced a similar effect. In bending, the 
planes tend to rotate or bend about the 
axis of bending, in rolling to rotate or 
about an axis in the plane of rolling and 
perpendicular to the direction of rolling, 
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N Wh Use stainless steel for moving parts, 

* such as shafts, bearings, guides, 
etc.; now you can subject stainless to here- 
tofore impossible wear conditions includ- 
ing steam, gasoline, fuel oil, kerosene, etc. 


The Drever-Industrial Process for Surface 
Hardening Stainless Steels imparts a uni- 


form, intensely hard case to all types of 


stainless steel — without loss of the inherent 
corrosion resistant and other qualities of the 


Write today for Bulletin #1 
giving important data on 
the Drever-Industrial Proc- 
ess for Surface Hardening 
Stainless Steels. 


CE SALES REPRESENTATIVES 


[3 INDUSTRIAL STEELS, INC. 
248 Bent St., Cambridge, Mass. 


DRE 
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rs +3 “sh ot oe, 
HARDENE D 
STAINL E SS! U 


alloy. This predictable h 
can be ground or p 
abrasion, galling, an 


surface* which 
, resists wear, 


If you have need of | ean resistant proper- 


ties which can now be Added to stainless 
; 

steels of all grades 

write for further 


thié patented process, 
iformation to either of 
the companies listed bdlow. 


Case Depths Obtainable 
Chrome series: .028"( max. ) 
Cr-Ni: .010” (max.) 


Cycle time for maximum 
case depths: 35 hours 


*(89-93 Rockwell 15 N) 


DESIGNERS & BUILDERS 


THE DREVER COMPANY D 
750 E. Venango St., Philadelphia, Pa. 


RIAL 








and in elongation by tension to rotate or 
bend about an axis perpendicular to the 
direction of elongation. Nadai’s “octahedral 
shear’ used for expressing the amount of 
cold-work may be correlated with X-ray 
patterns of the cold-worked metal for the 
specimens and conditions applied by the 
investigators 
Strain Hardening 

An outstanding example of the service- 
utilization of the work-hardening property 
of metals is the frequent use of the 
austenitic high-manganese steels (Hadfield 
steels) by the railroads and industry gen- 
erally wherever service involves continual 
cold-working in many small doses, for such 
steels work harden very rapidly and thus 


provide a sort of compensating resistance 


... Containers and separating 
screens made of Inconel, stand 
up against heat and corrosion 


XCEPTIONALLY suitable for 

nitriding equipment is the heat and 
corrosion resistant alloy, Inconel. Con- 
tainers of Inconel like those illustrated 
have been used as long as six years... 
and still good for further service. 

Screens for separating small parts dur- 
ing nitriding are also made of Inconel, 
in the form of expanded metal or wire 
cloth. Such screens permit free access 
of gases to all parts. Tubing employed 
for conveying ammonia gas into con- 
tainers is also made of Inconel or Pure 
Nickel. 

Write for further information on use 
of Inconel for nitriding equipment. Ask 
also for Bulletins T-7, “Properties and 
Uses of Inconel” and C-8, “High Tem- 
perature Uses of Monel, Nickel and 
Inconel.” 


The strain hardening properties of such 
a steel (12.5% Mn, 1.10% C, 0.35% Si) 
were carefully determined by D. NICoONOF! 
of Republic Steel Corp. (‘‘Quantitative 
Measurement of Strain Hardness in Aus- 
tenitic Manganese Steel,’ Ibid., 19 pp.), 
who subjected specimens to impacts of 
lifferent intensities and measured the sur- 
face hardness as well as the depth of pene- 
tration. 


Using cylindrical specimens, it was 
found that the hardness below the surface 
first decreases slightly and then increases, 
reaching a maximum value which appre- 
ciably exceeds the surface hardness. Using 
conical specimens, the hardness of the cold- 
worked surface was found to be near its 
ultimate value irrespective of the intensity 


pment ... 


STILL GOOD 


AFTER 
6 YEARS’ 
SERVICE 


Basket of Inconel used 
in Pit Type Nitriding furnace. 
(Courtesy—W estinghouse 
Electric & Mfa. Company.) 


ADVANTAGES OF 
INCONEL AT 
HIGH TEMPERATURES 


High strength and ductility maintained 


Makes ductile welds, not subject to inter 
granular deterioration 


Free distortion during 
sudden temperature changes, due to low 
coefficient of thermal expansion 


from excessive 


Withstands constont vibration owing to 
high fatigue limit 

Highly 
rosive conditions 


resistant to a wide range of cor- 


Very resistant to oxidation, even at high 
temperatures. Oxide adherent and does 
not scale off 


Can be formed readily into complicated 
shapes 


ao ~~ Oo vi Ww NN = 


Mill forms and welding rod 


ial Mmiulllmtacla & 


avariable 


THE INTERNATIONAL NICKEL COMPANY, INC. 
67 Wall Street, New York, N. Y. 
. a. * 


Inconel is a registered trade-mark of The Interna- 
tional Nickel Company, Inc., which is applied to a 
nickel alloy containing approximately 80% Nickel 
with additions of chromium and iron. 


INCONEL 


of the impact. In the lower part of the 
sample, the hardness effects gradually de. 
cline from this maximum value, until the 
hardness of the original, unstressed metal 
is reached. 

Under repeated impacts, a point was in- 
variably reached where the resulting strain 
hardness immediately below the surface 
not only ceased to increase on further 
hammering, but actually decreased slightly, 
A greater number of light impacts was 
required to bring about this point of 
hardness satiation, rather than the use of 
more intense impacts. Once the outer layers 
of manganese-steel are fully hardened, the 
strain hardening effect has a greater ten- 
dency to penetrate within the metal. 

Unexpectedly high values were found to 
be necessary to strain harden flat surfaces 
to the maximum possible value, with ref. 
erence to a single impact. To attain under 
these conditions a Rockwell C hardness of 
50, the unit stress concentration necessary 
was found to be as high as 35,000 ft. 
Ibs./in.” 


Recovery from Cold-W ork 


The problems associated with removal 
of the effects of cold-work, are important 
in the process annealing of metals. Ericu 
Fetz (“Recovery of Nickel from Cold- 
Working on Annealing,” Ibid., 31 pp.) 
continues his studies on the factors affect. 
ing the recovery of nickel from cold work. 
In this instalment data are presented on the 
hardness recovery of mildly deformed 
nickel at different depths below the sur. 
face, and on the effect of thermal pre- 
treatment and grain size on the soft: ning 
of 3 different kinds of cold-rolled nickel. 


For studying depth effects (a) elcctro- 
lytic nickel annealed in the as-depv sited 
state at 650°F., and (b) electrolytic nickel, 
twice cold-rolled and_ recrystallize:' at 
1000°C. were cold-rolled 10% and 25% 
and part of the surface removed by mi ling. 
The work hardening in rolling an. its 
recovery on annealing were tested a: the 
surface, on an intermediate plane and in 
the central regions. An uneven stres: dis- 
tribution and release of work hardnes: was 
found at the surface and inside o: the 
metals. These differences were greater 
with the coarse-grain material (b) than 
with the fine-grain material (a). 

Only in one case, i.e. with the fine-grain 
material (a) cold-rolled 25%, were icenti- 
cal softening curves obtained throughout 
the sample. For small plastic deformations, 
the hardness testing method should not be 
used, as results vary according to the depth 
of the penetrator. 

A profound effect of thermal pretreat 
ment prior to plastic deformation on both 
the extension and location of the recovery 
temperature range was found with carbonyl 
powder nickel, as-deposited electrolytic 
nickel and cold-worked and _ recrystallized 
electrolytic nickel. Material of the same 
composition, cold-rolled to the same extent 
and annealed at the same temperature for 
the same length of time, was found to lose 
its work hardness at different annealing 
temperatures depending on _ the thermal 
pretreatment (500° vs. 900° vs. 1300°C.) 
prior to the plastic deformation. 


These differences in the recovery chat 
acteristics are attributed to differences m 
grain size and residual grains prior to col 
working. The effect of thermal pretreat 
ment on hardness recovery is least pro 
nounced at severe plastic deformations and 
greatest at small ones. A characterization 
of the internal state (microstructure, 
strains, etc.) of material submitted to ft 


covery tests appears to be mandatory. 
EF (2) 
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The satisfactory performance of annealing furnaces depends on close ivi 
regulation and a steady air supply. Here heating and cooling rates may 

be as important as actual processing temperatures in their effect on 

product uniformity, so that a smooth, straight-line-controllable air supply 

is essentis! to a quality job. Bright-annealing with the products of com- 

bustion the protective atmosphere can obviously be successful only 

with a coinpletely dependable combustion-air supply. 


Spence’ Turbo-Compressors inherently deliver a constant pressure 
throughouw! the range of each machine. No automatic control device is 
necessary. Air delivery is smooth, continuous, clean and dry. 





Your cguipment manufacturer will tell you a dozen other reasons 
why Spencer Turbos are the accepted standard for gas and oil-fired 


‘ CLEAN ANNEALING, SURFACE COMBUSTION CORPORATION 
equipmen 
ASK HIM 8 > yt &? a PQs PRS PRE Ret ee Se eae RS 


NUOUS SEMI- BRIGHT ANNEALING 








, R-S PRODUCTS CORPORATION : 


SPENCER TURBO COMPRESSORS 


HARTFORD 35 TO 20,000 CU. FT. % TO 300 H.P. 8 OZ.TO 5 LBS. | 





THE SPENCER TURBINE COMPANY + HARTFORD, CONNECTICUT 


Salt Bath Pot-Corrosion 


“‘CoRROSION OF STEELS BY MOLTEN 
Nitrates.” P. Liuoyvp & E. A. C. 
CHAMBERLAIN. Jron & Steel Inst., 
Adv. Copy, Oct. 1940, 15 pp. Research. 


The corrosion of steel containers holding 
molten nitrates used particularly for heat- 
ing aluminum alloys for heat treating was 
studied. The process was investigated on a 
laboratory scale with special reference to the 
effects of temperature, method of heat ap- 
plication and impurity in the salt, as well 
as the influence of the material forming the 
pot. 

It was found that, although the corrosion 
rate increased rapidly with temperature, 
local overhe ating of the pot lid not neces 





60 to 75% FASTER 


At Ys the Former Labor Cost by Using 


EF Copper Brazing Furnaces 


A large automobile plant installed the above E.F. con- 
tinuous furnace for joining some intricate assemblies. 
The results proved so satisfactory that within a month 
after the first furnace was erected they ordered a 


MAKING STRONGER, NEATER JOINTS 


sarily lead to accelerated corrosion at that 
point. Alkali chlorides, found in most 
commercial salts, stimulated corrosion. In- 
got iron was more resistant to corrosion of 


the nitrates than steels. JLG (2) 
Pre-Plate Polishing 
“Tue ReLtatrivE EFFrect oF VARIOUS 
POLISHING FINISHES ON CORROSION 


RESISTANCE OF ELECTROPLATED NICKEL 

DEPosITs ON STEEL.’’ ToLEpO BRANCH 

oF THE A. E. S. Proc. Am. Electro- 

platers’ Soc., 1940, pp. 144-145. Investi- 
gation. 


Cold rolled steel was polished with 
abrasives ranging from 100 to 240 grains, 


The operator assembles the parts and 
places them on the furnace conveyors. 





The assemblies are discharged at the other 


second unit for handling other parts. The illustration end... all units securely and neatly 


below shows both furnaces, operating side by side. 


The management reports 
“‘greatly improved results 
neater, stronger ioints—60 to 
75% faster at about % the 
former labor cost.’’ 

The above is only one of 
numerous types we build. 
Others are handling assem- 
dDlies ranging in size from 
small metal radio tube parts 


ing 50 lbs or more. costs, ete. 


Investigate The Copper Brazing Process for 
YOUR metal parts 


Investigate the copper braz- 
ing process. We will be glad 
to put samples of your prod- 
ucts through one of our fur- 
naces to show you the results 
you can expect, give you an 
estimate on the cost of equip- 
ment to handle your produc- 
up to large assemblies weigh- tion, together with operating 


Joining 


joined. 





The satisfactory results from the first 
furnace at left sold the larger furnace 
at right. 


r r 





The Electric Furnace Co., Salem, Ohio 
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and then plated with a coating ot nickel] 
about 0.001 in. thick. The quality of the 
coating was determined by the salt spray 
test. 

The best results were obtained with stee] 
that had not been subjected to polishing, 
but which had. been buffed with a stitched 
wheel. The next best results were obtained 
with steel polished with the finest grain 
No. 240. In general, polishing procedures 
that broke through the cold-rolled skin of 
the steel increased the porosity of the sub. 
sequently applied nickel coating. 

{These results should be compared with 
those of a similar study by Pinner reported 
in our October, 1940, issue, p. 556. Pinner 
also found fine-abrasive polishing to be bet. 
ter than coarse, but apparently didn’t inves. 


tigate buffing. —F.P.P.| AB (2) 


2a. Ferrous 


Repair Welding of Dies 


“‘Wetpep Dies; THetr DESIGN AN! 
Faprication.” A. R. Butter (Weld 
ing Equipment & Supply Co.) Stee! 
Vol. 107, Oct. 14, 1940, pp. 106, 16 
136; Oct. 21, 1940, pp. 62-63, 66; O 
28, 1940, pp. 66, 68-69. Practical. 


Hard-facing at critical points affords im- 
portant economics in making new dies and 
in repairing old. By this means it is pos- 
sible to secure results that cannot be ob- 
tained otherwise. Experience has shown 
that repaired dies often out-perform . rig- 
inal metal. 

To determine the best method of weld. 
ing, a study was made of the micros ruc- 
tures and hardness of various hard-f cing 
deposits applied by metallic arc, a'omic 
hydrogen and gas welding. Materials used 
were water-, oil- and air-hardening tool 
steels. The results indicated that me allic 
arc welding is the best method; the  ard- 
ness and structure of this type of wel. ap- 
proach those of a base metal of siriilar 
composition. 

Water-hardening tool steel electrodes of 
the proper type will produce a deposit 
comparable to the best carbon-vanacium 
water-hardening steel and will take a ‘ypi- 
cal water-hardening heat treatment. Ulti- 
mate hardness of 58-60 Rockwell C can 
be obtained. Oil-hardening tool steel clec- 
trodes of the proper type will give a de- 
posit having the properties of a typical 
non-deforming, non-shrinkable steel. They 
are especially adaptable for making re- 
pairs, regardless of the type of steel used 
in the original die. Ultimate hardness of 
60-62 Rockwell C can be obtained, de- 
pending somewhat on the type of underly- 
ine steel. Air-hardening tool steel elec- 
trodes will give a typical air-hardening 
deposit with ultimate hardness of 60-61 
Rockwell C. 

Hot-work electrodes will give a self- 
hardening deposit with ultimate hardness 
of 54-56 Rockwell C by keeping the parent 
metal below the draw temperature of 1000° 
F, The deposit air hardens, does not scale 
excessively. does not fire check, and resists 
erosion. These electrodes are used with 
all tvpes of hot-work steels, such as those 
for dies for die casting aluminum alloys. 

A special electrode is recommended for 
all types of cast iron and medium-hard 
steel drawing and forming dies and on all 
sharp contours. The deposit has a hardness 
of 240-260 Brinell as welded, and_ will 
work-harden in use. It is austenitic, wil 
not pick up metal, and takes a high polish. 

In applying a metallic-arc tool steel elec- 
trode to any type of tool steel, the follow- 
ing. recommendations should be observed: 
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Are YOU Looxine | 
FoR PRODUCTION | 
BOOSTERS ° 


Thousands of manufacturers, some on defense work. 


we 


’ =_— 





others on general production, now use Sil-Fos and 
Easy-Flo on a wide variety of jobs. They have 
learned in their own shops that these silver brazing 
alloys speed up metal joining and produce 
joints that are sound, strong and leak-tight. 
Experience with Sil-Fos and Easy-Flo also has proved, 
over a long period of time, that they stand up 


dependably in service. 


The features that account for the speed and relia- 


bility of Sil-Fos and Easy-Flo also make brazing with 





















them one of the most economical methods of joining 
metals. Low working temperatures, instant penetra- 
tion, the small amount of alloy needed, little, or no 
finishing expense, all combine to save labor, heat 
and materials. 


Have you SEEN 
THESE ALLOYS WORK? 


Try Sil-Fos or Easy-Flo in your own shop on just 





n Over 40,000,000 
SIL-FOS and 
EASY-FLO brazed 
joints last year on 
refrigerators alone! 


one job. Sil-Fos if it’s a non-ferrous job on copper, 


. heer tS eel 


brass or bronze—Easy-Flo if it’s a case of joining 
iron, steel, stainless steel, Monel, Everdur, Inconel 
and other ferrous and non-ferrous alloys—and par- 


ticularly if the job is one of joining dissimilar metals. 


ll eal 


We'll be glad to cooperate in making this test . . . 


“SIL-FOS made and to check over your metal joining operations .. . 
6,000,000 import- ; , 

ant electrical joints or demonstrate Sil-Fos and Easy-Flo. Write us today 
without a failure” ; ; 

reports a leading for full details. Ask for Bulletins MA-5, 9 and 10. 
maker of electrical 

equipment. 
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“apy HANDY & HARMAN 82 FULTON st., NEW YORK” 
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The base metal must be preheated to just 
below its draw range. In welding cutting 
edges, the electrode should be held favor- 
ing the top working face to allow the de- 
posit to flow over the cutting edge. To 
eliminate deep craters and searing of sharp 
edges adjacent to the weld area, the arc 
should be pinched off or the electrode 
lowered gradually. To eliminate deep 
craters and sear marks at the extreme ends 
of the deposit, the welding bead should 
first progress in one direction to within a 
short distance of the other end of the worn 
edge. The bead should then progress in 
the opposite direction and overlap the first 
bead. 

In welding deeply damaged cutting edges 
or draw surfaces, start at the bottom and 





gradually fill up the damaged area, using 
2 slightly higher amperage on the first 
two beads than on the finishing beads. 
Sometimes a mild or a typical high-carbon 
steel can be used as filler, with the actual 
working edge of tool steel. If possible, re- 
heat after welding to just below the draw 
range of deposited metal. Electrode size 
is governed by the width and depth of the 
damaged section. 

Where no preheating is possible, air- or 
oil-hardening steels should not be used 
unless the parent metal is in the annealed 
state. Extremely intricate-shaped sections 
should generally be avoided. Welding of 
cast iron dies with any electrode except 
those specifically recommended for this 
purpose will give poor results. MS (2a) 


Now A&A NEW ELECTRODE PLANT.... 





TO GIVE YOU BETTER SERVICE 


This entirely new electrode plant, de- 
voted exclusively to the production of 
Murex Heavy Coated Electrodes, is 


now operating at East Chicago, Ind. 


Designed and built expressly for the 
manufacture of arc welding electrodes, 
this up-to-the-minute factory is 
equipped with the most modern facili- 
ties available for the efficient produc- 
tion of electrodes of high quality and 


absolute uniformity. Its operation sup- 





plements that of the original Murex 
plant at Jersey City, N. J., and more 
than doubles the output of Murex. 


Located close to sources of raw ma- 
terials and in the heart of the busy 
mid-western industrial area, the new 
plant with the additional production 
capacity it provides, assures better 
service and more prompt deliveries to 
Murex customers throughout the 


country. 





Preparing Surfaces for Enameling 


‘THEORY AND PRACTICE OF WIPING BE- 

TWEEN PHOSPHATIZING AND ENAMEL- 

tins.” E. E. Hanis. Sheet Metal 

Inds., Vol. 14, Qct. 1940, pp. 1097- 
1098, 1100. Practical. 


There has been considerable disagree. 
ment as to whether the loose powdery su- 
perficial deposit formed in phosphatizing 
should be removed before enameling. The 
2 main methods of phosphatizing are (1) 
immersion, and (2) spray. 

The immersion process uses 3 vats for 
the phosphate solution (composition js 
usually acid phosphates with accelerators) 
and 2 rinses (the second is generally a 
weak chromic acid solution), all operated 
hot. During the formation of the iron 
phosphate coating, a sludge is formed. The 
loose deposit found after the treatment 
consists of this sludge combined with loose 
dirt, deposit from hard water, etc. The 
amount of the deposit is less for short 
immersion periods and for carefully con- 
trolled operation where tanks are cleaned 
regularly. 

In the spray method, the work is carried 
rapidly through zones in which there are 
batteries of sprays fed with (a) weak al- 
kali; (b) water; (c) phosphate solution; 
(d) water; and (e) weak chromic acid, 
The deposit exists as an almost imper- 
ceptible film. 

Apart from the poor appearance of the 
article due to the deposit, it may adversely 
affect the finish. A small amount of deposit 
prevents the first enamel coating from wet- 
ting the surface, but this in itself h:s no 
deleterious effect on adhesion. It i: the 
flotation of the loose deposit in the enamel 
surface that gives an irregular finish, even 
if the amount of deposit is slight—v less 
a built-up stoved finish is used, in v. hich 
case the effect of the deposit is eliminated 
in the intermediate operations. 


Salt spray tests on (1) untreated, ec \am- 
eled sheet; (2) phosphatized, enameled 
sheet; and (3) phosphatized, wiped, enam- 
eled sheet showed that although wiping was 
not essential, it did provide an extra safe- 
guard for more severe service. The author 
concludes that the film can be ignored 
with properly controlled spray and with 
very rapid immersion (3 min.) treatment. 
Relatively heavy deposits should be wiped 
in all cases before finishing. With inter- 
mediate immersion periods (5-10 min.) , the 
film can be ignored for built-up or multi- 
coat finishes, but should be removed by 
wiping for single coat applications. 


JZB (2a) 
Acetylene Welding Light Aircraft 


“Oxy-ACETYLENE WELDING oF LIGHT 
ArrcraFt.””’ HanFrorp Eckman (Piper 


Aircraft Corp.) Paper, Am. Welding 
Soc., Oct. 1940 meeting. Practical. 
The light plane is one that has an 


engine of 75 h.p. or less, and which has 
a high ratio of weight to power (power 
loading) and a low ratio of weight to 
wing area (wing loading). The present 
light plane is largely a handmade product, 
and in its manufacture welding plays 4 
prominent part. This discussion is confined 
to the use of oxy-acetylene welding for 
light planes for private use. 


The welding of light-walled tubing is 
practiced most extensively in the fabrica- 
tion of fuselages. Welded tubular design 
has a high strength/weight ratio, permits 
a high rate of production with a minimum 
of special tools and jigs, and provides 
satisfactory rigidity. Oxy-acetylene weld- 
ing speeds production, beginning with the 
fabrication of jigs and continuing through 
the. fabrication of the entire fuselage of 
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chromium-molybdenum steel (X4130) tub- 


ing, and hundreds of small component 
iO) 4 BDENI IVI parts, fittings and subassemblies. 
The various “metallurgical” factors that 
must be considered in welding carbon 
TUNGSTEN steels become of even greater importance 
in welding alloy steels, and particularly in 
welding light-walled §chromium-molyb- 
denum steel tubing. The welding temper- 
AND ALLOYS ature should be the lowest possible and 
the time period in which the steel is 
above the critical should be a minimum. 
Decarburization must be avoided 
Plain carbon steel welding rods of high 
manganese and high silicon contents (to 
react with iron oxide in welding) can 
have high carbon contents, and the result- 
ant welds in chrome-moly tubing are clean 
and fairly strong. Neutral flame adjust 
ments are used and excessive melting of 





the base metal is not necessary 

Better, though, is the newer process 
known as “excess acetylene welding,” 
which is especially applicable to the weld- 
ing of chrome-moly tubing. Using stand- 
ard oxy-acetylene welding equipment, the 
flame is adjusted and manipulated to give 
an excess of acetylene over the oxygen re- 
quired for complete combustion. As a weld 
progresses carbon is absorbed from the 
flame on the surface of the steel and the 
blowpipe is so manipulated that the car- 
bonaceous film covers the base metal adja 
cent to the welding puddle 

The high carbon surface film melts spon 
taneously as the carbon content approaches 
the eutectic (4.5%) value, and then mixes 
with the weld metal in a sort of “‘self- 
fluxing”’ action (since it also prevents oxi- 
dation and reduces oxides). In addition 
“excess acetylene” technique speeds up 
fabrication, permits welding at a lower 
temperature, reduces grain growth, is 
adaptable to both forehand and backhand 
technique, and eliminates decarburization 
of the tubing surface at the weld. (2a) 


.POWDERS ii ‘ Tempering High-Carbon Steels 


“Errects OF SMALL AMOUNTS OF 
ALLOYING ELEMENTS ON THE TEMPER- 
R O D S inc oF Pure Hyper-Evtectotp STEers.” 
Cuartes R. Austin & B. S. Norris 
(Penn State) Preprint, Am. Soc, 


WIR E S Metals, Oct. 1940, 24 pp. Research. 


The paper deals with the softening 
characteristics of 1.1% C steels made from 
R I B BO N S electrolytic iron melted under hydrogen in 
an induction furnace and containing 0.5% 
or less of one of the following third ele- 
3 ments: Manganese, silicon, nickel, chro- 
S H E E T S mium, copper, aluminum, sulphur, _—. 
iq phorus or tin. The steels were hardened 
: and subsequently tempered for a_ period 
ranging from ¥ to 125 hrs. at 5 different 
temperatures: 1020°, 1095°, 1165°, 1240° 
and 1310° F., the reaction to heat treat- 
ment being followed by metallographic and 
hardness tests. 
An approximately linear relationship 
exists between either Rockwell “B” or 
Brinell hardness and the log of tempering 
time up to 125 hrs. so long as graphitiza- 
tion does not occur. Profound graphitiza- 
tion was found in some of the aluminum 
steels when tempered at 1020°, 1095° and 
1165° F. [See also the digest “Graphitiza- 
tion in Steels” on p. 788 of the Dec. 1940 
issue.) In the alloys with 0.5% Mn, Si, Al 
or Cu, after a tempering period of 1 hr. at 
any of the above temperatures, a hardness 
value from 10 to 30 Brinell units greater 
than that for the plain carbon steel was 


AMERICAN ELECTRO METAL CORP. i i eles weak 90-900 


Othe. Veen nes vowel units higher, whereas nickel appeared to 
eS vE.. YONKERS, N: ¥ have little effect. When the quantity of 
added element is 0.07-0.08%, only small 
differences existed between the hardness of 
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tool rooms, for treatment of high speed steel and a hydrogen 
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the alloys and that ot the carbon steels 
after 1 hr. temper in the range studied. 
The effect of chromium, however, even in 
such small amounts, was noteworthy. 
Curves are presented to show the varia- 
tion in rate of softening at 1310° F., with 
different alloying element. This analysis re- 
veals the relatively minor effects of added 
element up to 0.08%, but it clearly demon- 
strates that for about 0.5% of element 
present, manganese, nickel and aluminum 
cause only a small increase in resistance to 
softening, while copper, silicon and chro- 
mium show increasingly marked effects in 
the order listed. At all temperatures in- 
vestigated, the relative rate of softening 
+t any selected Brinell hardness was very 
greater for the nickel than for the 
rromium steel. The nickel steels behaved 
like the plain carbon steels. EF (2a) 


2b. N on-Ferrous 


Spot Welding Aluminum Alloys 
A Composite 


looking at a new airplane brings spots 
before your eyes, don’t worry—it’s just a 
Si yf these spot-welded times. Since 
rn equipment has surmounted the 

| problems associated with the high 

' ictivity and low melting points of the 
num alloys, every aircraft metallurgi- 
cal engineer designing in aluminum is 
€ interested in or actually using spot 
v 1 fabrication. Two recent articles by 
§ Metal Industries’ ubiquitous “Agri- 
review the operating problems en- 

red, and describe the latest spot weld- 
juipment used with aluminum alloys. 

the first of these, “AGRICOLA” (‘‘Spot 

\ ding of Aluminum Alloys,” Sheet 
Inds., Vol. 14. Sept. 1940, pp. 992- 

196, 998) reviews some of the now- 

ar points—the need for higher cur- 
because of aluminum’s high conduc- 
for more precise control because of 

w and narrow melting range, for uni- 
surface conditions, for control of tem- 
obtain proper sheet contact, for con- 

tion of likelihood of softening of 
near weld, etc.—and goes on to sug- 
gest satisfactory practice. 





anges im current strength have a 
grcater influence on the strength of a 
w than any other single factor, probably 
due to the effect on the size of the spot. 
Although the strength increases linearly 
with the current, excessive current may lead 
to porosity and cracking. 


if current and pressure are carefully con- 
trolled, the time period does not need to 
be less than about 0.1 sec. Very short time 
periods give porous welds and possibly 
cracks; then there is a rapid increase of 
strength with further increases of time un- 
til a point is reached at which further in- 
creases in time do not appreciably alter 
Shear values; excessive times may give 
coarse structures with increased segrega- 
tion or precipitation as well as increased 
distortion. 

_ Pressure affects the depth of the impres- 
sion, the porosity of the weld, and the 
tendency for metal to be exuded between 
sheets, but its influence on strength is not 
appreciable within fairly wide limits. Pres- 
sure is generally proportional to the thick- 
ness of the sheets welded, but does not 
vary appreciably with composition. 

Electrodes must resist deformation, wear 
and softening; further, they must have no 
tendency to alloy with the sheet. Since at 
least 85% electrical conductivity is re- 
quired, many prefer hard drawn electrolytic 
copper, but appreciable softening is en- 
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countered after a short time. Small alloy- 
ing additions, such as 1% Cd or 1% Ag, 
increase the recrystallization temperature 
and therefore decrease the tendency to 
soften. Mixtures of copper and tungsten 
have been widely advocated but are little 
used in England at the moment. Some of 
the complex sintered or heat treatable alloys 
have suitable properties, but are too ex- 
pensive for ordinary work. 

Pick-up, that is, fouling of the tips by 
adhering particles of metal, oxide, etc., 
necessitates cleaning of the tips after 20- 
300 welds to prevent overheating and cor- 
rosion in service. The surface of the sheet 
being welded is also important in this con- 
nection, as rough surfaces increase pick-up. 
The operator must look out for signs of 
burning or dark spots. Best cleaning is by 


means of fine emery cloth. Mushrooming 
or deformation of the tip due to heat and 
pressure requires accurate turning of the tip. 

In a second article the same author 
(“Machines and Their Operation for Weld- 
ing Aluminum-Rich Alloys,” Ibid., Oct. 
1940, pp. 1103-1106, 1108) discusses 
Philip, Taylor-Winfield, Skiaky and other 
spot welding systems. Generally speaking, 
the machines used fall into 3 groups: a.c. 
in secondary circuit, single impulse of uni- 
directional current, and ‘‘program-con- 
trolled’’ types. 

In a.c. machines, high currents, high ca 
pacity transformers and ample cooling are 
required. Welding current and time are gen- 
erally controlled by thyratron or ignitron 
systems. The condenser type of plant (Philip 
or Taylor-Winfeld type) stores the electri 
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he comparative size of these 

two fans illustrate why 
DESPATCH FURNACES can 
improve heat treating uni- 
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air volume and fan power to 
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loads. Every user has testified to 
this essential furnace feature. 
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every 
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cal energy by means of a condenser system. 
The Skiaky system uses direct current de- 
rived from a.c. by a mercury arc rectifier, 
and energy is stored inductively. This ma- 
chine also has a variable pressure cycle with 
the initial pressure almost double the weld- 
ing pressure to break down the oxide film, 
and followed by increased pressure after 
welding to forge the plastic metal, although 
the pressure falls to zero as the tips open. 
{For additional information on the Skiaky 
machine, read the digest “Stored Energy 
Spot Welding,” on p. 673 of our Novem- 
ber issue. ] 

Sheets must be degreased before welding 
and the film must be removed mechanically 
(with emery) or, preferably, chemically (in 
an acid pickling bath or with a paste etch 
containing hydrofluoric acid). Spacing of 






a Andrews Steel 
trade-mark is indisput- 
able proof of high quality 
and ability to deliver 


extra performance under 


the spots must not be lett to the operator 
but must be laid down in the original de- 
sign. It is not possible to set up exact 
welding conditions due to the many vari- 
ables, and trial settings are necessary be- 
fore actual production starts. Radiography 
will show up gross porosity or severe 
cracking, although mechanical and macro- 
graphic tests are more common. JZB (2b) 


Gold Plating 


“Art oF Gotp Ptratinc.” Frep B. 
Jacozps. Steel, Vol. 107, Oct. 7, 1940, 
pp. 59, 62. Description of practice of 
Ohio Plating & Mfg. Co., Cleveland. 


Proper preparation of the surface of the 
article is essential If the article is to be 
refinished and is nicked or scratched deep- 
ly, it is first polished with No. 180 emery, 
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set up on a stitched muslin or felt wheel, 
These wheels are 3-6 in. in diam. and are 
run at a surface speed of 5000-6000 
ft./min. 

If the article is not dented or scratched 
deeply, it may be buffed on a loose mus. 
lin wheel, with tripoli applied to the 
wheel in cake form. Then the work is 
buffed on a loose muslin wheel with cake 
white lime applied locally. These wheels 
are usually run somewhat faster than those 
mentioned above. The article then is 
treated successively by a dip into a 
solution of sodium silicate, sodium hy- 
droxide and sodium cyanide, followed 
by a 10% hydrochloric acid bath, washed 
in cold water, wire-brushed with a nickel 
silver rotary brush, rinsed in cold water, 
dipped in a sodium cyanide bath, and 
rinsed in cold water. 

The work is now ready for plating. Gen- 
erally, the plating tank holds about 50 
gals. of solution containing gold and 
cyanide. The anode is 27-carat fine gold, 
alloyed with copper, and is about 4 in. 
long, 1 in. wide and 1/16 in, thick. The 
thickness of coating applied seldom ex- 
ceeds 0.00075 in. and requires about !/, 
hr. at 2 volts and current-density of 10 
amp./ft.? 

If a dull finish is desired, the article is 
brushed with a revolving nickel silver wire 
brush. For a lustrous finish, the work is 
color-buffed on a canton flannel buff, 3-6 
in. in diam., with stick rouge. 


In addition to the gold plating of « 
clesiastical goods, jewelry, etc., there 
a number of important commercial u 
for gold plated articles. An example is 
the gold plated reflectors used with inf 
red lamps employed in drying lacq 
Another is the plating of the inside 
brass tubing used for conveying oil fron 
cottonseed presses. Gold plated surfaces 
do not corrode and they eliminate tie 
objectionable fumes formerly present in t':¢ 
extraction process. 

In plating these tubes, both ends of ('« 
tube are corked and the anode, a 1/16-in 


diam. gold wire, extends through the cor‘s 
and through the entire length of the 
tube. The tube is filled with the platiog 
solution and thus forms its own tank. 
MS (2b) 


Indium Plating 


‘‘ELECTRODEPOSITION OF INDIUM FROM 
SuLtpHaTe Batus.” Corin G. Finx & 
RayMonp H. Lester (Columbia Univ.) 
Trans. Electrochem. Soc., Vol. 78, 1940, 
Preprint No. 14, 23 pp. Research. 


The high purity of zinc required for die 
castings has necessitated the removal of im- 
purities, among them being indium. Al- 
though larger quantities of indium are 
available than formerly, the price is still 
high—$240 per oz. Uses are fast being 
developed and many of them, particularly 
those of indium plating, have important 
industrial possibilities. 


Indium is deposited from an acidified 
solution, about 0.26 M in indium sulphate, 
with a current efficiency of 35%. Boric 
acid increases this to 45%. These deposits 
are coarsely crystalline and unsatisfactory. 
Addition of aluminum sulphate improves 
the quality of the deposits. Gelatin still 
further increases their smoothness, but 
lowers the current efficiency about 20%. 


The most satisfactory plating bath con- 
tained 0.10 M In:Os; 0.30 M H:SOx; 
0.0173 M Al,(SOx)s; and 0.0075 g./1. of 
gelatin. The current density is 3.3 amps./ 
dm.* and the temperature is 26°C. (79°F.) 
The current efficiency is about 35%. 

AB (2b) 
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Faster and more uniform heating—lower gas con- 
sumption—simpler control—silent operation. 

For operating at temperatures up to 1600° F. Auto- 
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Columbia Motor-Generator Sets are a valuable 
asset in meeting the precision requirements of the 
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to 40,000 amperes, 6 to 60 volts. Prompt ship- 
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Physical and Mechanical Properties (including Fa- 
tigue and Creep). Corrosion and Wear. Engineer- 
ing Design of Metal-incorporating Products. Selec- 
tion of Metals and of Metal-Forms. Competition of 


Metals with Non-Metals. 


Specific Applications of 


Metals and Alloys. 


Fatigue Strengths 
and Surface Conditions 


A Composite 


At the October meeting of the Am. Soc. 
for Metals papers were presented on the 
effect of surface conditions on fatigue 
strength: (1) “Chafing Fatigue Strength 


of Some Metals and Alloys,” by G. SACHS 
« P. STEFAN of Case School of Applied 
Science; (2) “Effect of Surface Conditions 
on Fatigue Properties,’ by O. J. HORGER 
« H. R. Neirert of the Timken Labora- 
tories; (3) “Shot Blasting and Its Effect 
on Fatigue Life,” by F. P. ZimMMERLI of the 
Barnes-Gibson-Raymond Div., Associated 
Spring Corp.; and (4) “The Fatigue and 
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Bending Properties of Cold Drawn Steel 
Wire,” by H. J. Goprrey of Lehigh Univ. 

HorGeR « NEIFERT had profilograms of 
the surfaces of their specimens showing the 
depth and shape of the minute ‘‘notches” 
left by different surface finishes. The depth 
of notch thus shown did not show any 
clear correlation with reduction in fatigue 
strength (endurance limit). A specimen of 
S.A.E. 1045 steel given a “superfinish” 
showed slightly lower fatigue strength than 
a specimen with a polish with 000 emery. 
This result is in harmony with Zimmerli’s 
finding that maximum smoothness of sur- 
face alone does not insure maximum fatigue 
strength for a given metal. 


Chafing’ Fatigue of Machine Parts 

SACHS & STEFAN made fatigue tests on 
rotating-beam specimens held in a special 
chuck and without reduced section. This 
resulted in most failures taking place in, 
or at the edge of, the chuck, and a rubbing 
action which the authors call “chafing” 
fatigue, with a reduction of the fatigue 
strength well below that of the ordinary 
polished specimen with reduced section. 
Probably the action that takes place in an 
axle at the edge of the hub of a pressed-on 
wheel is this chafing fatigue, and Horger’s 
values reported for axles with pressed-on 
or shrunk-on wheels may thus be regarded 
as further data on chafing fatigue. 

Metal in a relatively stable condition 
(annealed or at least stress-relieved) 
showed higher fatigue strength than did 
cold-worked or heat-treated metal. “Char- 
ing’’ fatigue increased its damaging pow 
with increase in the number of cycles 
stress. Some tests running to about 100,0 
cycles showed as long “‘life’’ for ‘‘chafin 
specimens as for “regular” fatigue sp« 
mens (specimens with reduced sectior 
SACHS & STEFAN also made tests on 
metal and found that while, in gene: 
both “chafing” and “regular”  fatig « 
strength is lower for cast than for rol! 
metal, yet the ratio of “chafing” to “reg.- 
lar’ fatigue strength was higher for c 
metal than for rolled. 

HoORGER & NEIFERT’S tests on specim« 
with pressed-on or shrunk-on whe 
showed slightly higher fatigue strength { 
an axle specimen with “superfinish” 
the wheel seat than for one with smoot 
turned finish. An axle specimen with 
shrunk-on wheel showed lower fatigue 
strength than one with a pressed-on whe« 
HorGER & NEIFERT reported that cold rol! 
ing of an axle surface was more effectiv: 
in increasing fatigue strength under the 
“chafing”’ action mg a pressed-on wheel than 
smooth turning, grinding or polishing. 

In one test of axle specimens with 
ressed-on wheels, rolling the wheel seat 
increased the fatigue strength 150%. In 
another test of axle specimens (1045 steel 
normalized and tempered) the wheel seat 
was sprayed with a coat of 1.20% C steel 
1/16 in. thick, and the fatigue strength 
was increased 61% over that of the un- 
coated steel, whose fatigue strength was 
13,000 Ibs./in.2? By means of flame hard- 
ening, this value was increased to 45,000 


Ibs./in.? 


Improving Wire Fatigue Strength 

ZIMMERLI discussed especially the use of 
shot blasting to improve the fatigue strength 
of spring steel wire. He maintained that 
shot blasting has done more to increase the 
“life of small springs than any of the 
alloying elements used in steel.” Shot 
blasting may be done by an air-blast blow- 
ing small shot against a surface, or by 
throwing small shot against a surface by 
centrifugal force from the blades of a 
rapidly-rotating wheel. 


ZIMMERLI_ described a mechanically- 
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operated testing machine on which 8 small 
springs may be given fatigue tests at one 
time. He reports values of endurance 
range for springs made of various kinds of 
wire that show valve spring wire, for ex- 
ample, to have its “mot-shot-blasted” en- 
durance range of 20,000-95,000 Ibs./in.’ 
raised to 20,000-135,000 Ibs./in.” when 
shot-blasted. 

Tempered spring steel has a_ sorbitic 
structure, and even under 1500 X magnif- 
cation ZIMMERLI could not determine the 
starting point of a fatigue crack. Using 
softer shot than usual, the shot-blasted sur- 
face looked smoother, but the spring had 
no greater fatigue strength than that shot- 
blasted with the harder shot. This is in 
harmony with the findings of HOoRGER & 
NEIFERT. ZIMMERLI concludes, in view 


of the improvement that can be made in 
surface conditions by shot-blasting, and by 
other mechanical means, that “the use of 
alloy steel, from a fatigue point of view, 
is not necessary in fabricating many parts.”’ 
This too seems in harmony with the find- 
ings of HORGER & NEIFERT. 

H. J. GopFrEY discussed fatigue tests of 
cold-drawn steel wire, on a modified Haigh- 
Robertson machine, and also bending tests 
on a hand-operated machine that gave 180- 
degree bends to specimens of wire, over 
rollers of various diameters. The bend-test 
results he used as an index of the ability 
of the wire to withstand a relatively few 
severe bends without fracture 

GODFREY reported test data indicating 
that the fatigue strength increased with 


cold work, with a tendency for the ‘fatigue 
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Sales Office and Laboratory 
805 Watson Place, Utica, N. Y. 








ratio’ (ratio of fatigue strength to tensile 
Strength) to diminish as _ the tensile 
strength increased. The fatigue ratio was 
also found to decrease as the carbon con. 
tent of the wire increased. An electro. 
galvanized coating did not lower the fatigue 
ratio of a wire with decarburized surface. 
However, the fatigue ratio for wires with 
decarburized surface was found to be about 
0.24, while for wires with non-decarburized 
surface it was 0.33. Polishing a wire in- 
creased its fatigue strength slightly. 
From his bend tests GODFREY found that 
for wire lead-quenched from above the 
critical to 900-950°F. the number of 180° 
bends for fracture increased with cold work 
up to about 60% reduction. X-ray studies 
of the atomic structure of wire showed that 
under cold work the tendency to preferred 
orientation was more pronounced in the 
interior of the wire than at the surface. 
[These four papers emphasize strongly 
the importance of surface conditions in con- 
nection with the fatigue strength of struc- 
tural and machine parts. They show the 
possibility of markedly increasing that 
fatigue strength by proper surface treat- 
ment polishing, rolling, shot-blasting, 
metal spraying, flame hardening and cold 
drawing. They also emphasize the neces- 
sity of considering the “chafing” fatigue 
often found in machine parts. There is a 
fast-growing conviction that endurance 
limits based on tests of small polished 
specimens are not cu fficre nt dasa basis Tr 
design, and this means that probably forms 
of fatigue-testing machines in which sur- 
face effects can be studied—vibratory or 
axial-stress machines for example—will be 
more and more used in the futur 
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Nitric Acid Corrosion 


“Tue Stupy oN THE CoRROSION Res! 

TANCE OF METALS TO THE NITRIC AC! 

SoLtution.”” YotcHr YAMAMOTO, S<¢ 

Papers Inst. Phys. Chem. Researci 

Tokyo, Vol. 37, Mar. 1940, Abstract Su 

plement pp. 15-17. In English. Origin 
research. 

The effect of nitric acid on magnesi:m, 
aluminum, chromium, manganese, iron, co- 
balt, nickel, copper, zinc, molybdenum, sil- 
ver, cadmium, tin, antimony, tantalum, 
tungsten, platinum, gold, mercury, lead 
bismuth, carbon, silicon, piano wire stcel, 
13% Cr-steel, 18/8 stainless, 70/30 brass, 
Monel metal, and 80/20 nickel-chromium 
alloy was investigated by 3 methods: (a) 
By determining the degree of attack, (b) 
by measuring the electrode potential, anc 
(c) by observing the action of these mate 
rials as anodes during electrolysis of nitric 
acid 

Any corrosion resistance observed was 
found to be due to the protective action of 
a coating of more or less stable oxides. Pro- 
tection is assured by metal oxides in which 
the metal has a valency of 3, 4, 5 or 6. 
The protective coating that forms on the 
surface of aluminum, gold, chromium and 
platinum is the oxide corresponding to a 
valency of 3; on silicon it is the oxide of 
valency 4, while oxides corresponding to 
valencies of 5 and 6 are formed respective- 
ly on tantalum and tungsten. Iron is vi0- 
lently dissolved in nitric acid solutions due 
to the formation of the oxide of valency 2, 
but it becomes passive in concentrated nitric 
acid due to the formation of a trivalent ox- 
ide. The appearance of passivity of iron 
in concentrated nitric acid is due to the 
formation of nascent oxygen through elec- 
trolytic decomposition of nitric acid. Nickel 
and molybdenum resist concentrated nitric 
acid because the trivalent oxide is formed 
through the decomposition of nitric acid. 

The dissolution velocity of a metal that 
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eee We) The AMERICAS in ‘41 


Naturally, the United States of America 
must assume leadership in solidifying the 
New World, so that all outside nations 
must respect its Peoples. A United States 
industrially strong, is the bulwark by 
which this vision shall become a reality. 



























Superior Tube Company is a young organization, but 
measured by its service to all types of industry, we have 
achieved a position that compels us to look to the far 
distant future. 





An addition to our buildings and equipment is under 
way, so that by the second quarter of this year the output 
of Superior small tubing will be as much as 75% greater 
than in the year just closed. 


/ 
i 


A 


We believe that, while we have a vital place in the Defense 
Program, we are obligated to maintain a continuous flow 
of tubing to the many customers who have helped so 
earnestly to establish us. Regardless of their line of busi- 
ness, they need us and we propose to see to it that their 
trust in Superior has not been misplaced. 


~~ 


Our plant by April should be a rather extraordinary pro- 
duction unit. We expect to make things hum in °41. 
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SUPERIOR TUBE C0. 


(“Small Tubing is our only busine | 


NORRISTOWN, PENNSYLVANIA 
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Tubing from 5" OD down... SUPERIOR as Seamless in 


ious analyses. WELDRAWN ethos Welded and drawn 


Stainless. BRAWN Welded and drawn ‘“*Monel”’ and 


**Inconel’’. SEAMLESS and Patented LOCKSEAM Cathode Sleeves, 


- © O82 Shake Sacer. eed se’ 
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Forged otibiint 
steel sprocket 
shaft produced 
by Standard. 
Diameter 2’ 
11”; length 5’ 
ll“; weight 
5160 pounds. 


4 Cast steel run- 
ner supplied 
by Standard 
Steel Works 
foran], P.Mor- 


ris Hydraulic 
Turbine. 


LET. Sicxdleod’ HELP 


WITH YOUR 
STEEL FORGING AND CASTING PROBLEMS 


If your productive capacity calls for a dependable source 


of supply for steel forgings and castings of unusual design— 


try Standard. 


Good steel, long experience and close control of every step 
in manufacture, from open-hearth to finished product, assure 


the satisfactory quality of Standard’s forgings and castings. 


Won't you discuss your requirements with us and let us 


advise you how Standard can help ? 
CASTINGS + FORGINGS + WELDLESS RINGS+ WROUGHT STEEL WHEELS 


STANDARD STEEL WORKS 


Division of Wt BALDWIN LOCOMOTIVE WORKS 
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forms an insoluble or slightly soluble coat. 
ing of the nitrate on its surface is slowed 
down. Copper, silver and lead become te. 
sistant to nitric acid of higher concentra. 
tions through the formation of only slight. 
ly soluble nitrates, but the production of 
the nitrate coating is not always perfect 
The attack of nitric acid on aluminum at 
100° F. becomes considerably accelerated by 
the movement of aluminum atoms through 
the oxide coating to form a soluble nitrate. 

Chromium, tantalum and tungsten are re- 
sistant to all concentrations of nitric acid 
hot or cold. The 12% Cr iron alloy showed 
good corrosion resistance. The corrosion 
resistance of iron-chromium alloys with 
more than 12% Cr was better than that 
of nickel-chromium alloys with more than 


11% Cr. EF (3) 


Metals for Sprayer Nozzle Disks 


“WEAR IN SpRAYER Nozzce Disks.” C 

N. Turner (Cornell Univ.) Agricul. 

tural Eng., Vol. 21, Oct. 1940, pp. 
393-394, 405. Investigation. 

Three different tests were run to de. 
termine the relative wear of different 
metals used as sprayer nozzle disks. The 
first 18 hrs. of the first test were run with 
a mixture of 2 Ibs. wettable sulphur, 1 
lb. lead arsenate, 2 Ibs. hydrated lime and 
25 gals. water. The last 12 hrs. of the 
first test were run with a Bordeaux mixture 
of 2 lbs. copper sulphate, 2 Ibs. hydrated 
lime and 25 gals. water. The pressure at 
the nozzle throughout the test was 380 
lbs./in.? Disks were changed in the broom 
head progressively from one end to the 
other every 5 hrs., so that no disk would 
have an advantageous position in the 
broom. Disks used in this test were (1) 
standard Hardie [composition not in- 
dicated}, (2) “‘as-rolled” cold-rolled, ‘ully 
hard ““K’’ Monel, (3) as-rolled, fully ard 
“Z” nickel, and (4) as-rolled, fully ‘:ard 
Inconel. 

The second test was run with a do: ble- 
strength Bordeaux mixture of 4 lbs. copper 
sulphate, 4 lbs. hydrated lime and 25 vals. 
water. The pressure at the nozzle was the 
same as in the first test. The disks sed 
here were (5) cold-rolled 18-8-S Mo s:.in- 
less steel type 316, No. 2 finish, (6) cold- 
rolled 17-7 stainless steel, type 301-X, No. 
2 finish, (7) 12% Cr stainless, type “10, 
No. 1 finish, and Inconel (No. 4 above) 
again. 

The third test was run with the same 
Bordeaux mixture as in the second test, 
but the pressure at the nozzle was in- 
creased to 460 Ibs./in.2 The disks used 
were (6), (8) cold-rolled 12% Cr stain- 
less, type No. 410, (9) heat-treated, cold- 
rolled, full-hard temper ‘“K” Monel, and 
(10) heat-treated, cold-rolled, full hard 
temper “Z” nickel. The second and third 
tests were run for 26 hrs. each, with the 
spray mixture renewed at about 10-hr. in- 
tervals. The per cent of increase in the 
rate of discharge after the test, compared 
with that before the test, was used as the 
measure of durability of the disks. 


‘Lhe results indicated that the mixture 
used in the first part of test 1 caused little 
wear. Disk No. 1 showed more wear than 
thé others, due in part to corrosion by 
sulphur. This disk showed severe corrosion 
throughout both parts of the test. 


The single-strength Bordeaux mixture 
was responsible for most of the wear on 
disks No. 2, 3, and 4. The double-strength 
Bordeaux mixture in test 2 caused con- 
siderable increase in the rate of wear, even 
though the test was 4 hrs. shorter. The 
higher nozzle pressure in test 3 caused 
still higher rate of wear. This increase 10 
wear occurred even with the resistant 
metals. 
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Extremely high resistance to 
FA TIGUE—IMPACT 
at normal as well as at very 
low temperatures. 
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High Tensile 


Unusual DUCTILITY— 
approaching the best 
grade of deep drawing 
carbon steel. 








HIGH YIELD POINT—ULTIMATE STRENGTH 
EXCELLENT WORKABILITY 


CORROSION AND ABRASION RESISTANCE 


R_ izing there wasn’t a high tensile low alloy steel on the 
m <et that combined cold forming and deep drawing prop- 


ert -s, excellent weldability with the added strength and 


res: stance to corrosion and abrasion obtained by adding alloys 
to inild steel, Great Lakes metallurgists undertook a number 
of \ears ago to provide such a steel. Less than two years 
ago, N-A-X HIGH TENSILE was placed on the market. 
And it contained all the properties of a high tensile low alloy 
stee| plus the cold drawing and forming features approaching 
the best grade of deep drawing mild steel. 

Of major importance to users of high tensile steel is the 
unusually high resistance N-A-X HIGH TENSILE has to 


impact and fatigue, at normal as well as at sub-zero tem- 


peratures. This means that weiss aie and mobile 
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ITs INHERENTLY FINER GRAIN 
venyreth All Land DIFFERENCE 





equipment made of N-A-X HIGH TENSILE have the 
stamina to stay on the job longer with lower maintenance costs: 

In scores of very difficult applications, in many of which 
other high tensile steels have failed, N-A-X HIGH TENSILE 
is being used and receiving the acclaim of both manufacturer 
and user. 

If you want all the advantages of the best high tensile steel, 
plus the cold drawing and cold forming properties of deep 
drawing mild steel, specify and get N-A-X HIGH TENSILE. 

Great Lakes engineers are available to show you how you 
can use this really superior high tensile steel to advantage. 
One will be glad to call at your convenience—no obligation. 
Wire, write or telephone for one today. Great Lakes Steel 


Corporation, ere Michigan. 


NATIONAL STEEL CORPORATION 


Executive Offices, Pittsburgh, Pa. 
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_—"— | CERROBEND. | 
— (Melting Temp., 1 ») 
\Mettine "Teme 255° F.) Used as a filler in bending 

CERROMATRIX } 


: thin-walled tubes to small 
For reproducing master pat- : ; , 
(Melting Temp., 250° F.) terns, models for electro- radii—easily removed in boil- 


For securing punch and die forming, engraving machine at water. — oo peo 
Parts, anchoring machine models, proof casting for sage Fl re OOS 
parts without the expense forging dies, etc. Perfect re- 2 a oe 

of a drive fit, engraving production of intricate detail. 


machine models, stripper 
SEND FOR LITERATURE 


plates, chucks, etc. 
Cerro De Pasco Copper Corp. 


40 WALL STREET e * By 
BRITISH ASSOCIATES:—MINING G CHEMICAL PRODUCTS LTD., 


DISTRIBUTORS 


BROOKLYN, N. Y., Belmont Smelting G Refining Co., 330 Belmont Ave.; PHILADELPHIA, Machine 
G Tool Designing Co., 1011 Chestnut St.; CLEVELAND, Die Supply Co., 1390 East 30th St.; DE- 
TROIT, Curtis Industrial Designing Engineers, 227 Iron St.; CHICAGO, Sterling Products Co., Inc., 
121 North Jefferson St.; MILWAUKEE, Harry C. Kettelson, 329 N. Milwaukee St.; SAN FRANCISCO, 
Jamison Steel Corporation, 508 Fourth St.; LOS ANGELES, Jamison Steel Corporation, 2168 East 
Olympic Blvd.; MONTREAL, CANADA, Dominion Merchants Ltd., 180 Vallee St. 


NEW YORK, N. Y. 
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LOSE YOUR TEMPER 


WHEN FORMING HOT METALS 
Specify 
JESSOP 2B" 
HOT WORK STEELS 


JESSOP “2B” Hot Work Steels are high tungsten 
steels which have been specially developed to 
keep their temper under the most severe hot work- 
ing conditions. Well substantiated performance 
data prove that “2B” can greatly reduce die costs 
for applications where high temperature and other 
severe conditions would ruin other steels, 
JESSOP “2B” Hot Work Steels are supplied in 
three grades, as follows: 
2B HC (high carbon), for use where tools must 
have maximum hardness, as in piercing 
punches and cut-off tools. 
2B MC (medium carbon), for use where tools must be quite hard while withstanding 
heat checking and retaining a fair degree of toughness. 
2B LC (low carbon), for use where toughness combined with moderate hardness is 
desired and for tools which have a tendency to split or crack. 


A Jessop engineer will gladly assist you in your 
hot working San Ga cost or — - 
tion. Write JESSOP STEEL CO., 546 Green St., 
Washington, Pa. 








Jessop Steels ¢ America 
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STAINLESS and COMPOSITE STEELS 
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Of the metals tested, No. 7 showed the 
greatest resistance to wear, but it also 
showed some signs of chemical corrosion. 
The next three most wear-resistant metals 
were in order Nos. 4, 10 and 8. The in- 
side edges of the 1/16-in. hole drilled in 
the center of each disk showed the only 
signs of wear on the entire disk. MS (3) 


3a. Ferrous 


High-Temperature Design Factors 
A Composite 


The public’s attention was focussed on 
high-temperature materials not so long ago 
by the Navy Department's belated sanc- 
tion of high-pressure, high-temperature 
boiler systems for the Nation’s battleships. 
High-pressure boiler operation saves fuel, 
water and storage equipment and thus per- 
mits either wider cruising or added arma- 
ment, but steels safely resistant to creep 
and high-temperature failure are required. 


The Navy was evidently harder to con- 
vince that adequately resistant materials 
were available than is industry generally, 
for the story of the Navy’s boilers has been 
repeated countless times in the last decade 
throughout general industry, where creep- 
resistant materials are judiciously employed 
to improve efficiency, extend equipment 
life and decrease costs. Most recently, con- 
certed attention seems to be directed to 
accumulating creep and rupture data that 
metallurgical engineers may find still more 
useful in designing equipment to operate at 
higher-than-ordinary temperatures. 


Creep Strength and Structure 


For example, R. F. MiIt_er, W. G. Br <z 
&« W. E. UNverzactT of U. S. Steel Co p. 
(“The Creep Strength of 18 Low-A! oy 
Steels at 1000° F.,” Preprint, Am. Soc. 
Testing Materials, June 1940, 11 pp.) pve 
sent a mass of data on the effect of cc n- 
position and heat treatment on the cr ep 
strength of the common low-alloy steels at 
1000° F. They found that the creep 
strength (stress for a creep rate of 0.00001 
in./in./hr.) of carbon-molybdenum ste-ls 
increases with increasing molybdenum c« n- 
tent, whether in the normalized or norr 
ized-and-tempered condition (although nor- 
malized material was always better thin 
normalized-and-tempered). However, the 
pearlitic structure resulting from normal- 
izing is unstable at 1000°F., and the 
lower creep strength of the more stable 
normalized-and-tempered materials is actu- 
ally a more conservative estimate of their 
creep strength. 


In fact, stability of structure cannot be 
overemphasized in evaluating high tem- 
perature behavior. Thus chromium addi- 
tions lower the creep strength of carbon- 
moly steels (although the decrease may be 
partially offset by increasing the molyb- 
denum content), but it does increase their 
structural stability. Addition of titanium 
or columbium to chromium-moly steel im- 
proves its creep strength in the hot-rolled- 
and-tempered condition, but this improve- 
mem may depend on an initial heat treat- 
ment giving a structure of unknown per- 
manence. 


The essential importance of structure in 
creep behavior and, incidentally, the util- 
ity of columbium, are also strongly empha- 
sized in a paper by E. R. PARKER of Gen. 
Electric Co. (‘The Development of Alloys 
for Use at Temperatures Above 1000 De- 
grees F.,” Preprint, Am. Soc. Metals, Oct. 
1940, 11 pp.). A critically-dispersed stable 
compound offers the maximum resistance 
to deformation at both low and high tem- 
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In a cellulose acetate plant, the acetic and 
sulfuric acids are hard to handle. This cone 
bottom, made of DURIMET, has successfully 


solved the problem and protected the purity 
of the solutions. 
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POWDER METALLURGY 
one pe’ < s re Es seo] He 


WILL SAVE YOU MONEY! 


POWDER METALLURGY INC. contracts 
to manufacture, based on your present 
specifications, Finished ‘Pomet’ parts can 
be produced rapidly and to tolerance. 





A_ typical 
which incorporates material and shape ad- 


POMET part now being made 
vantages—length 342”; max. O.D. 114”; 


min. O.D. 1”; wall thickness app. 4%” with 
uniformly tapered hole, 













e Ff 








Rt owt 


. tal 
‘, 
Ne ELK 
Noahs  -. 
Photomicrograph of POMET #1127 (Cu Zn 


Sn Pb Alloy) used in the manufacture of 
above part (250 diameters). 
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peratures. Certain intermetallic compounds, 
like FesCbz and FesMo:z, are fairly stable 
at temperatures above 1000° F.; for ex- 
ample, a 3% Cb, 97% Fe alloy had ex- 
ceptionally good rupture strength at 1100° 
F., as did an age-hardening alloy contain- 
ing 15% Mo and 2.5% Ti. The rupture 
Strength of precipitation-hardening alloys 
can be much greater than steels that de- 
pend on carbides for their strength. 

In purchasing steel for high-tempera- 
ture service, General Electric Co. now esti- 
mates the creep strength from the compo- 
sition and microstructure of the steel, ac- 
cording to S. H. WEAvER (‘Relation of 
Grain Size to Creep Strength of Carbon- 
Molybdenum Steel,” Gen. Electric Rev., 
Vol. 43, Sept. 1940, pp. 357-364). There 
is reported to be an optimum grain size of 
each steel which corresponds to the maxi- 
mum creep strength at each creep tempera- 
ture. At about 750° F. the finest-grained 
steel (0.50% Mo) had the greatest creep 
strength at 1110° F. the coarsest-grained 
steel had the greatest creep strength; and 
at temperatures between these, intermedi- 
ate grain sizes had the greatest creep 
strength—in continuous progression. Weav- 
er's “grain size’ is ‘the existing predom- 
inant grain’ in the steel [as observed with- 
out any special ‘‘austenite grain size’ heat 
treatment }. 

However, according to A. E. WHITE « 
SABIN CROCKER of Detroit Edison Co. 
(‘Effect of Grain Size and Structure on 
Carbon-Molybdenum Steel Pipe,’ Preprint, 
Am. Soc. Mech. Engrs., Dec. 1940, 9 pp.), 
too great an emphasis is being placed on 
grain size and not enough on the type of 
carbide structure; consideration should be 
given to both factors, with greater empha- 
sis on the latter. Using carbon-moly steels, 
no apparent relationship between creep 
strengths at 925° F. and other significant 
properties was observed. If, however, the 
carbide structures are of a Widmanstiatten 
type, with grain size ranging from 2 to 7, 
the steels will have high-temperature creep 
properties superior to those in which the 
carbides exist in other conditions or forms. 
The steels must be properly killed to at- 
tain the desired structure. 


Creep vs. Rupture as Design Basis 


Just what type of data the metallurgical 
design engineer should employ is still an 
unsettled question, but some of the follow- 
ing results tend to bring a little order into 
the picture. In the first place, a death- 
blow seems to have been delivered to the 
continuing use in Germany of extrapolated 
short-time creep test data for design pur- 
poses by A. Pomp « A. Kriscu (‘Zur 
Frage der Dauerstandsfestigkeit warmfester 
Stahle bei 600, 700 und 800° C.,” Mitt 
Kaiser-W ilhelm-Inst. Eisenforsch., Diissel- 
dorf, Vol. 22, No. 9, 1940, pp. 137-148). 
Using chromium-molybdenum, chromium- 
manganese, chromium-nickel and chrom- 
ium-cobalt steels, tests up to 1300 hrs. 
proved conclusively that the short-time test 
does not give reliable approximate values 
for creep strength in this range, and that 
it is even unsuited to a simple comparison 
of two materials. 


High-temperature rupture properties as 
distinguished from creep properties are be- 
ing investigated and used as bases for de- 
sign. R. H. THIELEMANN of Gen. Electric 
Co. (“Some Effects of Composition and 
Heat Treatment on the High Temperature 
Rupture Properties of Ferrous Alloys,” 
Preprint, Am. Soc. Testing Materials, June 
1940, 17 pp.) pays particular attention to 
susceptibility to failure by intergranular 
fracture in the 900°-1300° F. range. Only 
the chromium-bearing ferritic alloys were 


free of intergranular cracking in protracted 
rupture tests. The austenitic nickel-chrom- 
ium alloys were especiaily susceptible. 

Brittle fractures of this type may occur 
with less amounts of extension and at stil] 
lower stresses after longer periods of time, 
states E. L. RoBINSON of Gen. Electric Co. 
(‘High Temperature Rupture and Creep 
Tests,’ Preprint, Am. Soc. Testing Mate- 
rials, June 1940, 7 pp.). Rupture results 
at 1000 hrs. should therefore not be extra- 
polated to 100,000 hrs. 

If creep strengths are chosen with ref 
erence to a rate of 0.001% per 1000 hrs. 
(as with turbines) the 100,000-hr. rupture 
strength may be 4 or 5 times the creep 
strength. But if creep strength is chosen 
with reference to 0.01% per 1000 hr., th 
apparent long-time factor of safety may bx 
much less. Actually, when treatments are 
varied the rupture strength is affected much 
less than the creep strength, and if work- 
ing stresses are set with reference to a low 
creep-strength material, the rupture strength 
may be 4 times the working stress. On 
the other hand, if the treatment is varied 
to improve the creep strength, the rupture 
strength may turn out to be no more than 
double the nominal creep strength and some 
tests show the margin to disappear entire} 


Where the amount of creep is not in 
self an important consideration, there 
good reason for design to be guided 
rupture strength rather than by cre 
strength. On the other hand, where tl! 
amount of extension, distortion, or defle 
tion is of prime importance, both cre 
strength and rupture strength must be c 
sidered. 


Obviously, correlation of creep and ru 
ture test results is greatly to be desired, 
along comes R. H. THIELEMANN (“Cor 
lation of High Temperature Creep a 
Rupture Test Results,’ Preprint, Am. S 
Metals, Oct. 1940, 15 pp.) with just-th 
Depending on the particular applicatio 
either creep or rupture after long perio 
of time may be the criterion of successf 
operation, so both properties should 
known if high temperature behavior is 
be predicted with any certainty. 

A combined plot of creep and ruptu: 
test results presented is found to be usef: 
in correlating the creep and rupture prope: 
ties, and affords a convincing means of a: 
riving at safe working stresses for desig 
purposes. With some materials [as note 
above} there is good reason to believe tha‘ 
the amount of elongation accompanying 
long-time fracture will be very small indeed 
Usually, these materials possess high creep 
strengths and fail by a process of inter 
granular cracking. 


For materials of this type, long-time fac 
tors of safety against failure may be almost 
lacking if design stresses are based on the 
value that will produce 1% of creep in 
100,000 hrs. On the same basis, materials 
that do not fail by intergranular cracking 
in tests of long duration usually show much 
larger factors of safety against failure. 


In a further correlation of creep and 
rupture tests, A. W. WHEELER (“A High- 
Temperature Bolting Material,’ Preprint, 
Am. Soc. Mech. Engrs., Dec. 1940, 8 pp.), 
using 4-in. diam. specimens of a 0.45% 
C, 1 Cr, 0.35 Mo, 0.26 V, 0.6 Mn, 0.3 Si 
steel, noted that the ratio between creep 
strength and rupture strength is greater in 
the case of normalized material than for 
oil-quenched. It is believed that changes 
in heat treatment, differences in melting 
practice, and even slight changes in some 
alloying elements can greatly affect the 
ratio of creep strength to rupture strength 


X (3a) 
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...When made 
of Steel Castings 


Whatever you make, you can safely follow 
the example of leading valve manufactur- 
ers if you want to improve your product 
and cut costs. 

More and more valves are now being 
made of steel castings, and they are 
stronger, more rigid, longer-wearing valves 
—able to resist high temperatures and 
pressures. Cast steel contributes these de- 
sirable qualities, plus lower cost, less 
machining to do, and a wide choice of 
mechanical properties. 

Your own foundryman will gladly 
show you how your products may be 
similarly improved by a wider use of steel 
castings. Or you may consult, without 
obligation, Steel Founders’ Society, 920 
Midland Building, Cleveland, Ohio. 








Steel Castings 
bring you these advantages 


1. Uniform structure, for greater strength, shock 
and stress resistance. 


Metal distributed where it will dothe most good; 
maximum strength with minimum weight. 


Widest range of mechanical properties. 


Good machining qualities, low finishing costs, 
better streamlined appearance. 


High rigidity, minimum deflection, accurate 
alignment, close tolerances and better fit. 


Readily weldable in composite structures. 


High fatigue resistance, maximum endurance 
and longer life—ideal for critically stressed parts. 


MODERNIZE YOUR PRODUCT WITH 











Coatings and Fatigue 
A Correction 


In the composite digest on ‘Protective 
Coatings Against Corrosion Fatigue of 
Steel” published in our August 1940 issue, 
p. 208, a table was presented containing 
data on the “‘ratio of endurance limit in 
water to endurance limit in air” of steels 
with various protective coatings. These 
values were calculated by our staff from 
figures given in the original papers, and 
we now learn that two of the values at- 
tributed to Kenyon were erroneously worked 
out. 

The value of this ratio for “Bead Wire, 
no coating’ should be 0.243 rather than 
the published 0.522, and for “Bead Wire, 
copper-zinc plated” (the bottom-most line) 
0.507 rather than 0.426. The first error is 
fundamentally misleading, since it gives the 
impression that the untreated wire had the 
highest ratio, whereas actually it had the 
lowest of Kenyon’s materials in the Table. 
—F. P. P. (3a) 


3b. Non-Ferrous 


Corrosion of Aluminum Alloys 
A Composite 


German experience with aluminum al- 
loys has been greater, in proportion, than 
that of other countries. The reasons for this 
are interesting. German autarchy has found 
the light, strong aluminum alloys well 
suited to many industrial needs that or- 
dinarily might involve metals not produced 
in the Reich (Germany has no appreciable 





bauxite deposits, but she does have vast 
facilities for processing bauxite obtained 
from countries dominated by or friendly to 
her); also, the German aircraft ‘industry,’ 
it now appears, must have handled tremend- 
ous amounts of aluminum and its alloys 
during the last six years. 

German advocacy, therefore, of specific 
practice with respect to designing for cer- 
tain aluminum alloys must be viewed with 
a mingling of respect for a probably au- 
thoritative viewpoint and of critical recog- 
nition that the conditions may be special 
and non-generalizable or that a bit of wish- 
ful thinking may even be present. 

In the group of articles summarized here- 
with, the corrosion resistance of aluminum 
alloys for food processing is discussed, 
methods of improving the resistance to 
stress-corrosion of aluminum alloy prod- 
ucts suggested, and the utility of zinc- 
bearing aluminum-magnesium alloys (which 
entail no metal-importation, in contrast to 
the aluminum-copper alloys) favorably ex- 
amined. 


Aluminum in Food Processing 

The beer industry was once practically 
a staple industry in Germany, although the 
government is reported to be currently at- 
tempting to revise downward the national 
beer consumption. Anyway, G. Reir (“Ver- 
suche tiber das Verhalten von Aluminium 
und Aluminiumlegierungen. gegen Bier,’ 
Aluminium, Vol. 22, Apr. 1940, pp. 190- 
191) reports on the relative corrosion re- 
sistance of aluminum and certain alumi- 
num alloys against beer. Beer produces on 
aluminum a smooth precipitated scale, which 
under suitable conditions protects the metal 
against further corrosion. 


Chemical treatment and anodic oxidg. 
tion of the metal were studied for their 
effects on resistance. It was found that 
aluminum purity or alloy composition wag 
less important than the type of surface 
treatment (as with milk). The corrosion 
by beer was least with sheets anodically oxj. 
dized in oxalic acid. 

Food-processing equipment must be regu. 
larly sterilized, and the disinfectants used 
often introduce a corrosion problem for 
users of aluminum equipment. H. Wozp 
(‘“Desinfektionsmittel fiir Aluminium-Be 
halter und Aluminium-Gerate.” [d/d., May 
1940, pp. 270-272) has studied the effect 
on aluminum of several proprietary and 
non - proprietary German _ disinfectants. 
‘““Neomoscan,” a dilute (1:100) alkaline 
solution of sodium silicate and sodium 
hypochlorite used for dairy equipment, was 
without effect on aluminum. “Microform. 
in,” a neutral, 1% “stabilized’’ formalde 
hyde attacked the metal only insignificant. 
ly. A compound that seemed to have 
special merit was ‘P3-Sterile,”’ a chlorine 
containing phosphate-silicate mixture used 
in concentrations of less than 1%. 


Other Corroding Conditions 


The general corrosion resistance, under 
certain common conditions, of various high 
strength aluminum alloys is investigated 
by P. BRENNER & F. PLATTNER (‘Korto- 
sionsverhalten von Aluminiumlegie:ungen 
héherer Festigkeit unter natiirlichen und 
kiinstlichen Bedingungen,” Jbid., pp. 231- 
247). Of all the materials investigated 
(aluminum-magnesium, aluminum-copper- 
magnesium, aluminum-magnesium-s ilicon, 
aluminum-manganese alloys) in these 3). 








PERMO METAL is a SMOOTH, WEAR RESISTING, NON- 
ABRASIVE, NON-CORROSIVE alloy with low co-efficient 


of friction, made of precious metals (Osmium, Ruthenium, 
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For Accurate Temperature Control 


PROCTOR relies on WILCO 


Of course Proctor Electric 
Company uses Wilco Thermo- 
metal in its sensational new you to getin touch with Wilco 
““Never-Lift”” Iron! Because, 


Whatever your temperature 
control problem, it will pay 


—the pioneer and present-day 


Instrument bearings, long life fountain pen tips, phono- | like hundreds of other leaders leader in this highly special- 


graph needles and contacts ... are just a few of count- 


less uses of these remarkable alloys. 


A greatly enlarged Metallurgy Division makes these alloys 
available to industry on an increased scale, An additional 
service of preliminary assembly of material to holder or 
shank is also available. Write for detailed data. 


PERMO PRODUCTS CORP. 
Manufacturing Metallurgists 
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throughout industry, Proctor 
knows that Wilco is first—in 
accuracy ...in sensitivity... 
in thorough dependability! 
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ized field. Write today for your 
free copy of catalogue “‘Wilco 
Blue Book of Thermometals 
and Electrical Contacts.” 
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Selecting the proper 
alloy for your needs 


With our background of 
years of experience in work- 
ing with both manufacturers 
and users of equipment, our 
metallurgists and foundry- 
men can be of real help in 
selecting the right steel for 
particular service condi- 
tions. We welcome the op- 
portunity to work with you. 





OWNTIME for repairs— 
delays while waiting for 
replacement parts—unlooked for 
interruptions due to wear or corro- 
sion failures—these contribute to 
“bottle necks” in plant production. 
Such bottle necks can frequently 
be prevented by careful selection 
of the materials from which criti- 
cal equipment is made. 
The corrosion resistant and 


high strength steels which are in 
regular production at Lebanon 
offer important opportunities to 
lengthen equipment life and pre- 
vent production delays due to 
equipment-failure bottle necks. 

We have helped many equipment 
makers and users find life-length- 
ening materials. Perhaps we can 
help you, too. We'd be very happy 
to work with you toward this end. 


LEBANON STEEL FOUNDRY - LEBANON, PENNA. 


Original American Licensee George Fischer (Swiss Chamotte) Method 
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yr. tests, the aluminum-clad aluminum-cop- 
per-magnesium alloys showed the most re- 
sistance, and the corrosion resistance was 
only slightly impaired if some of the copper 
of the core material diffused through to the 
surface of the clad layer. 
Aluminum-copper-magnesium alloys clad 
with aluminum - magnesium - silicon alloy 
were corrosion-resistant if aged at room 
temperatures, but not if precipitation-hard- 
ened at high temperatures. Variations in 
chemical composition among the aluminum- 
copper-magnesium alloys had little effect on 
corrosion resistance, but the straight alum- 
ium-magnesium alloys had a_ tendency 
toward intercrystalline corrosion. 
Elsewhere BRENNER (‘Ueber das Kor 
rosionsverhalten von Leichtmetallschweis 


sungen iutogene Metallbearbeit., Vol 

July 15, 1940, pp. 169-175) reports on the 
corrosion behavior of light metal welds in 
several types of aluminum alloys. Welded 


or unwelded, the highest corrosion resis- 
tance (in 3% NaCl + 0.1% H:O) was 
manifested by pure aluminum, aluminum- 
manganese alloy and aluminum-magnesium- 
manganese alloy, all of which survived 
2-yrs. exposure without noticeable deteriora 
tion of mechanical properties. 


Aluminum-magnesium alloy welds are 
not so resistant as the unwelded alloy, 
which is on a par with the materials men- 
tioned above The corrosion resistance of 
aluminum-copper-magnesium alloy, initially 
lower than that of the copper-free mate 
rials, is still further lowered by welding 
Welds in aluminum-clad alloys were more 
corrosion resistant than those in aluminum- 
magnesium-silicon-clad materials. 


2 
A good inhibitor of attack on aluminum 


OXYGEN FREE HIGH CONDUCTIVITY 


f Superior Copper 


FOR ALL PURPOSES 


OFHC Copper conforms to the A.S.T.M. Specifica- 
tion for electrolytic copper wirebars, cakes, etc., 
B5-27 with regard to metal content and resistivity, 


and is free from cuprous oxide. 


OFHC Copper is characterized by its freedom from 
casting defects and its bar-for-bar uniformity. Its 
freedom from oxygen results in great ductility and 
toughness as evidenced by its high reduction of area 


and resistance to impact. 


OFHC Copper withstands more working in hard 
condition when tensile strength is greatest, making 
it especially suited for products subjected to severe 


fabricating or service conditions. 





OFHC 
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by dilute alkaiine solutions, according to 
H. Wo.r « H. TuxHorn (‘'Silicofluorid 
als inhibitorisch wirksamer Zusatz zu 
Aluminium angreifenden Lésungen,” Alum- 
inium, Vol. 22, Apr. 1940, pp. 186-187), 1s 
0.05 to 0.1% (at room temperature) of 
sodium silicofluoride. In boiling solutions, 
about 0.2% should be used. 


Intercrystalline and Stress Corrosion 


Aluminum-magnesium alloys quenched 
from 850° F. and aged between 200° and 
175° F. are subject to intercrystalline cor- 
rosion through the precipitation of Al:Mg: 
at the grain boundaries. The effect of 
small additions (0.5% each) to a 7%-Mg 
aluminum alloy on this type of corrosion 
was investigated by WILLI MULFINGER 
(‘Ueber den Einfluss geringer Zusatze 
metallischer Elemente auf die interkristal- 
line Korrosion von Aluminium-Magnesium 
Legierungen,’ Z. Metallkunde, Vol. 32, 
Sept. 1940, pp. 311-313). The added ele- 
ments included lithium, beryllium, calcium, 
titanium, zirconium, cerium, thorium, va- 
nadium, columbium, tantalum, chromium, 
molybdenum, tungsten, manganese, iron, co- 
balt, nickel, copper, silver, zinc, silicon, 
tin and antimony. 

Only the alloys containing silicon, titan- 
ium and zirconium were unattacked (by 
1% HCl, 3% NaCl solution) at the grain 
boundaries after aging at 400° F. Tung- 
sten, zinc and tin additions appeared to ac- 
celerate the attack, but a zinc addition of 
2% strongly improved the resistance to 
intercrystalline corrosion of alloys aged at 
400° F. 

Stress corrosion—corrosion engendered 
or accelerated by stressing—is another 
problem, and its general aspects with re- 


spect to aluminum-magnesium alloys are 
discussed by L. GRAF (‘‘Zum Problem der 
Spannungskorrosion,” Luftwissen, Vol. 7, 
No. 5, 1940, pp. 160-169). In such alloys 
stress corrosion starts with the first sign 
of plastic deformation. There is a “mini. 
mum stress’’ in any instance below which 
no stress corrosion takes place, and in the 
case of cast alloys, this limit is higher than 
the yield point. 

Zinc Additions and Stress Corrosion 

According to G. SIEBEL « H. VOSSKUHLER 
(‘Einfluss von Zusatzen, insbesondere von 
Zink, auf das Korrosionsverhalten von 
Aluminium - Magnesium - Legierungen,” Z, 
Metallkunde, Vol. 32, Sept. 1940, pp. 298. 
302), zinc is the most effective addition 
agent in reducing the stress corrosion of 
‘luminum-magnesium alloys with over 7% 
Mg. Thus, an alloy with 8% Mg, 1% Zn. 
0.3% Mn and 0.12% Cr shows under a 
variety of stress-corrosion-testing conditions 
much better resistance than an alloy con- 
taining 8.5% Mg and 0.3% Mn (which 
has about the same mechanical properties), 

The well-known susceptibility of higher- 
zinc-content alloys can be offset by addi- 
tions of chromium, for example. The ad- 
dition of 0.2% Cr to a 6% Mg, 4 Zn, 0.3 
Mn alloy gives an alloy of high strength 
and ductility when age-hardened, together 
with considerable stability against stress 
corrosion. 

Taking the aluminum-zinc-magnesium al- 
loys as a ternary system, G. WASSERMAN 
(“Der Einfluss von Zusammensetzung und 
Warmebehandlung auf die Spannungskor- 
rosion aushartbarer Aluminium-Zink-Mag- 
nesium-Legierungen,” Ibid., pp. 295-208), 
studied the effects of composition and /eat 
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treatment on their susceptibility to stress- 
corrosion by 3% NaCl + 1% H:O: solu- 
tion. An alloy of 4% Zn, 3 Mg was vast- 
ly superior to an equally strong alloy with 
8% Zn, 0.8 Mg. 

Manganese is helpful in counteracting 
stress-corrosion tendencies as well as im- 
proving the properties generally. An alloy 
containing 6% Zn, 1.4 Mg, 1 Mn, aged 
to 60,000 Ibs./in.* (17% elongation) by 
quenching from 750° F. failed by stress- 
corrosion in 72 hrs.; however, no failure 
occurred after 2200 hrs. when the alloy 
was air-cooled from 750° F. and aged to 
59,000 Jbs./in.” 

This author's contention that stress-cor- 
rosion can be licked by employing suitable 
compositions and heat treatment is strongly 
supported by data of M. HANSEN, A. 
MUHLENBRUCH & H. J. SEEMANN (‘‘Uebe: 
das Spannungskorrosionsverhalten von 
Aluminium - Zink - Magnesium - Legierung- 
en.” Metallwirtschaft, Vol. 19, No. 26, 
1940, pp. 535-538). Aluminum-zinc-mag- 
nesium alloys, in which the sum of mag- 
nesium plus zinc does not exceed 6%, are 
not affected by the temperature of solution 
annea! (between 715° and 930° F.), by the 
quenching treatment (7.e. either air-cooling 
or water-quenching) and by aging treat- 
ments between 170° and 480° F. In other 
words, these alloys are absolutely stress- 
corrosion proof. 


W magnesium plus zinc contents ex- 
ceedinz 6%, air-cooling is indispensable to 
impt the resistance against stress-cor- 
rosi¢ (See the digest “Aluminum-Zinc- 
Mas im Alloys’ just following this 
one ) Alloys aged at room temperatures 
are affected in regard to stress-corro- 
sion additional aging at higher tempera- 
ture contradistinction to straight alum- 
inut gnesium alloys with higher mag- 
nesiu contents. Cold reduction of 10% 
does >t notably affect the corrosion stabil- 
ity r-cooled alloys. 

Th interrelation between grain size and 
stress corrosion of wrought aluminum- 
magnc:ium alloys is investigated by F. 
BoLLrNRATH & W. BuNGARDT (‘‘Korn- 
gros: ind Spannungskorrosionsverhalten 
von iminium-Magnesium-Knetlegierung- 


en,” Metallkunde, Vol. 32, Sept. 1940, 
pp. 33-305), using alloys with 7% Mg 
and 9'> Mg and with 8% Mg + 1 Zn in 
3% \aCl solution. Coarse-grained mate- 
rial was superior to the same material in 
the fine-grained state. Air-cooling improves 
stability [this agrees with the findings of 
Hansen, Mihlenbruch & Seemann, above}. 


Addition of 1% Zn entails an improve- 
ment in resistance to stress corrosion in 
both the air-cooled state and after “hetero- 
genizing.”” The last heat treatment is the 
determining factor, and can offset faulty 
thermal pre-treatment. The favorable ef- 
fect of zinc is attributed to the fact that 
the critical temperature range for stress- 
corrosion is shifted to temperatures 75° F. 
higher—or to well over 200° F. X (3b) 


Aluminum-Zinc-Magnesium Alloys 


INVESTIGATIONS oF ALUMINUM-ZINC- 
MaGNesium ALLoys. MECHANICAL Prop- 
ERTIES IN Cotp PrecrprTaTion-Harp- 
ENED ConpiTion (‘‘Untersuchungen an 
Al Zn-Mg-Knetlegierungen. Festigkeit- 
seigenschaften im kaltausgeharteten 
Zustand”) M. Hansen, A. M@uen- 


BRUCH & H. J. SeeMANN. Aluminium, 
Vol. 22, Sept. 1940, pp. 442-458. 
Research. 


Although aluminum-zinc-magnesium al- 
loys can be age-hardened at both low and 
moderately high temperatures to develop 
considerable mechanical strength they have 
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not been extensively used, owing to their 
tendency to stress corrosion. This ten- 
dency, however, can be eliminated by suit- 
able special heat treatment. Thirty-three al- 
loys were investigated, with compositions 
of 0.97-6.2% Mg, 2.25-6.95% Zn, 0.25- 
1.02% Mn, 0.17-0.34% Fe, and 0.11- 
0.84% Si. 

The «mechanical properties of cold-pre- 
cipitation - hardened aluminum - zinc - mag- 
nesium alloys with up to 7% Zn and up 
to 6% Mg are practically independent of 
the solution temperature (investigated 
range: 715°-970° F.) Time periods at 
solution temperature of 20 min. (in salt 
baths) are quite sufficient. In some cold- 
aged alloys the optimum of properties is 
not reached even after 90 days at cold 

















AT THE PRESENT TIME 


A. sellers’ market exists for some of the non-ferrous 
metals. A sellers’ market is not always an ideal one 
even from the pornt of view of the seller. When the 
demand exe eeds the supply, customers are not properly 
taken care of and are not at all satislied; the seller is 
equally unhappy. A situation such as the present one 
may break up business relations of long standing, 


and the sellers realize this. 


The lead sup by is ample if the eastern consumers use 
Pr J | 


a certain amount of the available loreign-made lead. 


It is hoped that the zinc supply will be ample if 
consumers buy only what they need for immediate 
consumption, and do not stock up. This 1S the time 
when real cooperation between producer and consumer 


is to the great advantage of both. 


SI. JOSEPH LEAD COMPANY 
250 PARK AVENUE, NEW YORK, N. Y. 





THE LARGEST PRODUCER OF LEAD IN THE UNITED STATES 


storage. In certain cases, air-cooling after 
solution annealing reduces the strength, 
but this can be counteracted by a cold- 
deformation, e.g. of 5%. 

Alloys of about 55,000 Ibs./in.? tensile 
strength, 35,000 lIbs./in.’ elastic limit and 
15% elongation that are resistant to stress 
corrosion can be produced by 2 principal 
compositions: (1) an alloy with about 2% 
Mg and 6% Zn in the air-cooled, cold- 
precipitation-hardened state; (2) another 
with about 2% Mg and 4% Zn treated by 
quenching in water from the solution tem- 
perature and subsequently precipitation- 
hardening at 175-210° F. The optimum 
manganese content is about 0.5-0.8%, and 
silicon should not exceed 0.5%. Ha (4b) 















































Physical and Mechanical Property Testing and In- 
spection. Routine Control and Instrumentation. X-ray 


_,and Magnetic Inspection. Spectrographic and Photo- 
elastic Analysis. Corrosion- and Wear-Testing. Ex- 
amination of Coatings, Surface Measurements. Metal- 

lographic Structure and Constitution. 
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The magnification of 27.5 was too low 


Inclusion Ratings for Steel 


*“Non-MeETALLIC INCLUSIONS IN STEEL. 


Quantitative EvALuaTion.—Part I.” for many of the inclusions to be visible. 
W. H. Harriery & G. W. Gites. Iron For the other magnifications the inclusion 
& Steel Inst., Adv. Copy, Nov. 1940, 


rating tended to decrease as the magnifica- 
tion increased. It is concluded from this 
that the comparison charts now extant do 
not have the quantitative value heretofore 
attributed to them. 


20 pp. Research. 


Several inclusion charts now in use for 
grading of steels are discussed. Eight dif- 
ferent steels were graded at magnifications 


While the conditions of polishing mate- 
rially influence the inclusion count as de- 
termined by the methods at present in 
vogue, a light etch tends to establish what 
appears to ? a more reliable basis for com- 
parison. Until solutions have been found 
for the present disabilities, the present 
methods of quantitative estimation of the 
degree to which steels are contaminated by 
non-metallic inclusions are impracticable. 


JLG (4) 


Spectrography of Aluminum Alloys 
A Composite 


A series of recent articles in the Ger- 
man magazine Aluminium has covered cet 
tain aspects of the spectrographic analysis 
of aluminum alloys, particularly the form 
in which the material should be for analy- 
Sis. 

As the amount of zinc in aluminum al- 
loys can have a critical effect on corrosion 
resistance, its determination by rapid meth- 
ods is desirable. G. BALZ (‘Die spektro- 
graphische Bestimmung kleiner Gehalte von 
Zink in Aluminium und seinen Legierun- 
gen,” Aluminium, Vol. 22, July 1940, pp. 
341-343), states that the spark spectrum 
method is reliable only with zinc contents 
over 1% because the intensity of the zinc 
lines in the spark spectrum is too weak, 
and describes a more suitable spectrographic 
method. 

In the new method, a discontinuous elec- 
tric arc (2 mm.) with 3 mm. diam. elec- 
trodes of the material to be analyzed is 
photographed with an exposure of 1-3 min., 
and the photograph evaluated photo- 
metrically. Zinc contents above 0.07% cn 
be detected, using the line Zn 3345. 

The accuracy of spectrographic ana'y- 
sis with “solid” electrodes depends on the 
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® In building for defense, there must be no sacri- 
fice of quality for speed. America must not only 
have the most, but also the best that its industries 


can produce. 


The physical properties of materials must be 
known by both producer and fabricator alike— 
specifications must be met, there can be no 


compromise. 


Already in widespread use throughout the coun- 
try, Southwark-Tate-Emery testing machines are 


simple to operate, versatile in application, and 
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offer unsurpassed sensitivity and accuracy. The 
grand average accuracy of the last 100 installed 
in the field is 99.8% of true load over the entire 


range—from zero to maximum. 


Products of research, Southwark-Tate-Emery 
testing machines represent the most recent and 
most important development in physical testing 


equipment. 


Baldwin Southwark Division, The Baldwin Loco- 
motive Works, Philadelphia; Pacific Coast Repre- 
sentative, The Pelton Water Wheel Co.,San Francisco. 
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uniformity of composition of both the 
calibration electrode and the specimen elec- 
trode over their entire length and section, 
says H. Moritz (“‘Herstellung und Prii- 


fung einwandfreier Eich- (Standard-) 
Elekroden fiir die Leichtmetallspektral- 
analyse,” Ibid., Sept. 1940, pp. 421-435), 
describing methods of preparing and test- 
ing satisfactory calibration electrodes for 
aluminum analysis. Electrodes may be 
either pressed-and-drawn, or die cast. 

In another article BALZ advocates the 
use of a logarithmic rather than a linear 
galvanometer scale for the photometric ob- 
servation of density in quantitative work 
(“Die Messung der Schwarzung von 
Spektrallinien mit Hilfe einer logarith- 
mischen Galvanometerskala,” Jh/d., July 
1940, pp. 343-344), since the density 
of the photographic film is related logarith- 
mically to the photocell current. 

Also, BALz (‘Ein automatisches Zeit- 
schaltgerat fiir Spektralaufnahmen,” Jd/d., 
pp. 344-345) describes an automatic tim- 
ing device for adjusting exposure time, ex- 
posure cycles or whole operating schedules 
for either spark or arc spectrography. 


Ha (4) 
Photronic Radiation Pyrometer 


“A HiGcuH-Sensitivity RapIatTion Py- 

ROMETER.” N. E. Dospsins, K. W. GEE 

& W. J. Rees. Foundry Trade J., Vol. 

63, Oct. 10, 1940, pp. 235, 238. Descrip- 

tive. Reprinted from the Trans. British 
Ceramic Soc. 


For many super-high-temperature pur- 
poses optical pyrometers of the polarizing 
and disappearing filament type, with sensi- 
tivities of about 35° F. per scale division at 
3500° F., are not sufficiently precise. A 
radiation pyrometer of high sensitivity was 





developed, which gives a direct reading of 
temperature through a lens, mirror, ground- 
glass-screen and photocell system. 

The photoelectric cell, its collecting lens 
and the screen are mounted at one end of a 
brass tube. The other end of this tube is 
closed by a hardwood flange bored to take 
the draw-tube which carries another lens. 
An elliptical hole is cut in the screen of 
such dimensions that the light forming the 
center part of the image of the test-piece 
is allowed to pass through the screen and 
strike the photoelectric cell. 

After preliminary adjustment for object 
distance has been made, the draw-tube is 
locked in position, so that the area of 
the hole in the screen retains a constant 
relation to the area of surface of a hot 
body focussed on this screen. Now, so long 
as the image of the hot body is brought to 
a focus on the screen, the light reaching 
the photoelectric cell bears a constant rela- 
tion to the light emitted by a definite area 
of the surface of the hot body. 

In other words, whenever the instru- 
ment is brought into its working position 
in front of a hot body at given tempera- 
ture, the same amount of light will always 
fall on the cell, and hence the cell itself 
will always cause the same current to flow 
in its galvanometer circuit. This pyrometer, 
in common with others, will not read 
through fumes. 

A pyrometer of this type should be espe- 
cially valuable in various temperature-con- 
trolled processes. The apparatus can be 
adjusted to give its maximum sensitivity 
at any working temperature, and under 
operating conditions a variation in tempera- 
ture of +2°F. could be recorded. It 
would be possible to arrange a mirror 
galvanometer system that would throw a 





spot of light onto a second cell whenever 
the temperature deviated from that re. 
quired by +2° F. and this second cell could 
be set to work a relay and give either 
visual or audible indication of the deviation. 

AIK (4) 


Testing Lead Cable Sheathing 


‘“‘BursTING TrEsts AND TENSION TEsTs 

FOR Leap CABLE SHEATHING.” H. F., 

Moore, C. W. Dortiins & W. J. Craic 

(Univ. Illinois) Preprint, Am. Soc. 

Testing Materials, June 1940, 6 pp. 
Descriptive. 


In cooperation with the Philadelphia 
Electric Co., comparative tests to fracture 
under long-time steady load were made (1) 
by subjecting full sections of lead cable 
sheathing to internal oil pressure, and (2) 
by testing tension test specimens cut with 
the axis in a circumferential direction from 
pieces of the same sheathing. 

Four sets of tests were made, and good 
agreement was found between the nominal 
stress developed in the bursting test and 
the tensile strength developed in the ten- 
sion tests. There was also good agreement 
between the increase of diameter in the 
bursting tests and the elongation of the ten- 
sion test specimens. 

It was concluded that the prediction of 
tensile strength and static ductility under 
long-continued steady load could be judged 
as reliably from tension tests of specimens 
cut from sheathing as from bursting tests 
of short pieces of sheathing. Similar tests 
on sheathing made from other grades of 
lead and of sheathing made from some of 
the harder alloys of lead seem desirable to 
determine whether similar agreement be- 
tween bursting tests and tension ests 
would be found for these metals. VVK (4) 
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In Radium non-destructive sub- 
surface inspection, specimens of 
irregular thickness and shape may 


be easily radiographed. 


Exposures are calculated for the 


greatest metal thickness. 





Fogging due to ‘scattering’ is 


negligible. 


wurtesy Lebanon Steel Foundry, Lebanon, Pa. Inexpensive film holders, lead in- 


; , ; , tensifying foil and x-ray films are 
Radium Radiograph of casting having various metal thicknesses, 


the greatest being 3’2 inches. Exposure made without any 
preliminary preparation of specimen for obtaining uniform 


the only accessory items needed 


for Radium Radiography. 





density. | 
Radium Radiography will help in obtaining and maintaining The entire set-up, including | 
uniformly high quality production. Radium, is completely portable. | 


Radium capsules of various unit strengths in suitable duralumin holders and lead storage containers 
may be rented at small cost. 


) Write for details 


RADIUM CHEMICAL COMPANY ~- Inc. 


570 Lexington Ave., New York 


Chicago: Marshall Field Annex Building 
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Hardenability of Tool Steels 


*““HARDENABILITY TeEsTING Too. STEELS 

BY O1r~ QUENCHING SMALL Cones.” 

E. K. Sprinc & J. K. Desmonp (Henry 

Disston & Sons, Inc.) Steel, Vol. 107, 

Oct. 28, 1940, pp. 58, 60-62. Description 
of new method. 


Most methods proposed for the determi- 
nation of hardenability not entirely 
satisfactory for tool steels. What the au- 
thors required was an oil-quench test that 
could be transposed into water-quenching 
terms, if desired. 

The method developed uses specimens 8 
in. long, 6 in. of which are tapered from 
0.625-in. diam. to 0.200-in. diam. The 
cone is an easy specimen to prepare and 
handle, as it machines conveniently, hardens 
from a lead pot, and can be ground quickly. 
The total time for completion of a 
test is somewhat longer than for a 
square test. 

The cone test compares favorably from 
time and cost viewpoints with the other 
proposed methods, and results are more 
accurate, as the quantities measured are of 
larger dimensions; Rockwell hardness 
testers and micrometers give the precise 
information needed; a machined surface 
free from decarburization before and after 
hardening is used; and the oil-quench cone 
displays the hardenability of the steel in 
several ways 

As the included angle of the cone is 6°, 
accurate Rockwell hardness readings can 
be taken on the surface after hardening, as 
well as along the axis. Water-quenched 
cones, unless of extreme size, harden over 
their entire surface, while an oil-quenched 
cone has a diameter at which it will not 
harden. The surface hardness does not 
drop continuously; there is an area on the 


are 


cone 
l-in. 


outside that contains both hard and soft 
spots, but after this area is passed, the 
hardness does drop continuously. 

On an etched sectioned cone, the de- 
crease in hardness takes on the appearance 
of a parabola, with its vertex located at 
different points along the axis for steels of 


different hardenability; the vertex also 
moves as the quenching temperature is 
changed. After the desired measurements 


have been taken, the cone can be easily 
broken for a Shepherd grain size examina- 
tion. Steels can be classified as to harden- 
ing characteristics to much finer shades than 
by other methods. MS (4) 


Weldability Tests for Steels 


‘‘A CoMPARISON OF TESTS FOR WELD 
ABILITY OF TWENTY Low-CaRBON 
SteEts.””’ C. E. Jacxson & G. G. 
LuTHerR (Naval Research Lab.) Weld- 
ing J., N. Y., Vol. 19, Oct. 1940, pp. 


351s-364s. Research report. 

A survey study was made on a series of 
20 carbon steels ranging from 0.10% to 
0.54% C, both rimmed and silicon-killed. 
The various tests that have been proposed 
for determining the weldability were sur- 
veyed and the following 8 were applied to 
the steels: 

(1) Single Vee-groove weld test, in which 
Vickers hardness indents spaced at 0.05 in. 
intervals the weld serve as gage 
marks for determining ductility the 
weld in a bend test. 

(2) Tee bend test, in which a section of 
plate is welded normal to another plate by 
means of 2 fillet welds to form a tee sec 


across 


across 


tion. This section is bent, in a special jig, 
to failure. 
(3) Vee-notched slow-bend test, where a 


notch is cut in a bead weld, the notch being 
located at the transition from weld metal 


to tne plate metal. A 0.20 in. thick sample 
is bent around a 0.40 in. diam. pin until the 
first appearance of a crack at the root of 
the notch is noted. 

(4) Vee-notched impact test, in which a 
standard V-notched Charpy bar is prepared 
by machining a notch with the apex tangent 
to the fusion line of a bead weld. The 
sensitivity of the steel to welding is evaluated 
by a comparison of plate and bead weld 
impact specimens. 

(5) Longitudinal bead weld slow-bend 
test, in which a bead weld after removing 
excess weld metal is bent in a simple jig 
and elongation on tension face, containing 
the weld bead, is used as index of ductility 
and weldability. 

(6) Maximum hardness determined by a 
hardness traverse across the weld. 

(7) Weld quench test, which is a com- 
parison of impact value of half-size Charpy 
keyhole notched bars of the base metal and 


the base metal heat-treated to simulate 
large-grained area of base metal next to 
weld. 

(8) Cold rolling, which consists of cold 


rolling a uniformly surface ground section 

of the weld to failure. 

The data for all these tests are tabu. 
lated and plotted by the authors, and test 
conditions described in detail. Automatic 
arc welding was employed throughout the 
tests, using heavily-coated reversed-polarity 
mild steel electrodes in 3/16 and l% jn 
diam.; some gas welds were also made and 
tested. 

It is concluded that the effects of a 
standard welding technique or a range of 
welding techniques on a steel or series of 
steels may be completely determined by 
tests of (a) chemical analysis; (b) 
mechanical properties (tensile and impact); 
(c) actual weld joint such as the single 
Vee-groove weld; (d) T-bend, (e) Vee. 
notched slow bend, (f) structure and hard- 
ness. WB (4) 
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barium carbonate or titan- 
ium dioxide is checked by 
using a sample of the ma- 
terial in a regular enamel 
formula. The Ajax-North- 
rup Furnace is also em- 
ployed in experimenting 
with spodumene, zircon, 
airfloated chromite, pyr- 
ite, manganese 
dioxide and other 
glass batch mate- 
rials at the Foote 
Laboratories." 
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Modern knowledge in the field of temperature and its 
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Steel Castings 


STEEL CASTINGS HANDBOOK. Published 6) 
Steel Founders’ Societ) oT} America, Cleve- 
land, 1941. Cloth, 6 x 9 in. 503 pages 
Price $2.00. 


The activities of the technical organiza- 
tions in the metallurgical engineering in- 
dustries devoted to the preparation and 
Steady revision of handbooks are among 
their most useful functions. One goes to 
the ‘Metals Handbook,” to those on Cast 
Iron and Alloy Cast Iron, to the Welding 
Handbook, etc. with assurance that reliable 
information, checked by many experts, will 
be found. This ‘Steel Castings Handbook’’ 
is no exception in this respect. It /s an ex- 
ception in the profuseness of illustration, 
a feature that adds to readability. 

The handbook is written more for the 
present and potential user of steel castings 
than for the foundrymen who _ produce 
them. This doesn’t mean that it is not 
replete with information for the latter, 
merely that the emphasis is put on what 
the user ought to know. Sound discussion 
of the range of properties on the basis of 
probability data, and of casting design to 
produce greatest soundness and avoid 
shrinkage and hot-tear difficulties, is so 
brought in that the user should grasp it, 
and even feel that he is picking up infor- 
mation that the author is presenting to the 
foundrymen. This indirect method of ac- 
complishing a desired end is very effec- 
tively used. 

However, this point of view leads to 
the omission of one matter the foundryman 
might properly have expected would be 
discussed—the problem of avoiding por- 
osity without running into low ductility. 
This is evidently considered to be a matter 
to be discussed only in the bosom of the 
foundry family, without bringing to the 
notice of the user the idea that porosity 
or low ductility might exist in steel cast- 
ings made by foundries not up on their 
control. 

The topics covered are: History, defini- 
tions, manufacture, properties, heat treat- 
ment, variables affecting properties, carbon 
steels, low-alloy steels, heat- and corrosion- 
resistant steels, manganese steel, engineer- 
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ing properties, specifications, design, pat- 
tern equipment, recommendations to pur- 
chasers, commercial applications, and the 
appended tables, etc. expected in a hand- 


book.—H. W. GILLETT. 


“Practical” Metallurgy 


PRACTICAL METALLURGY. By G. Sachs & 
K. R. Van Horn. Published by American 
Society tor Metals, Cleveland, 1940. Cloth, 
644 x 9% in., 567 pages. Price $5.00. 


Carpenter and Robertson's —_ book, 
“Metals,”’ costs $35.00. Hansen's “Zwei- 
stoflegierungen” costs $25.00. This volume 
comes pretty close to giving the meat of 
the contents of both these books. The 
style is in sharp contrast to the rambling 
and contemplative style of Carpenter and 
Robertson, for it is highly compressed. In- 
deed, it is so compressed that the reader 
continually finds himself panting in the 
effort to keep up, when trying to read it 
continuously. It will seldom be read con- 
tinuously, for it will be most used for ref- 
erence, which use is much facilitated by 
the comprehensive index. 

The condensed style is a difficult one to 
use and still avoid misleading statements 
due to not having enough space to qualify 
the generalizations sufficiently. Yet there 
are scarcely half a dozen paragraphs that 
are open to ambiguous or erroneous inter- 
pretation from this cause. And the copious 
references to pertinent literature, nearly 
1500 of them, make it possible for the 
reader who has complete library facilities to 
go more deeply into any topic. For the 
reader with very limited library facilities, 
the book may be over-condensed, but be- 
tween condensation and verbosity, the for- 
mer is preferable. 

The combination of Sachs, with all the 
German literature at his tongue’s end, and 
Van Horn, with his grasp of American 
information and plant practice and prob- 
lems, is a peculiarly happy one. Few books 
have been written by authors with com- 
parable command of the world literature 
of their topic. Sometimes the reader sus- 
pects that the authors may be giving a 
little more credence to what some previous 


author has concluded than is really justj- 
fied, but if the reader is a bit incredulous, 
he can chase down the references and draw 
his own conclusions. 

The book is especially strong in discus. 
sion of cold forming, internal stress, and 
aluminum and magnesium alloys, matters 
in which the authors have special experi- 
ence and background. The emphasis is on 
physical metallurgy. Process metallurgy, 
when incidentally dealt with, is handled in 
less decisive fashion, the discussion of 
melting practice, for example, not being 
up to the standard of the bulk of the book, 

Whether the title “Practical” is entirely 
justified depends on the reader's point of 
view. A strong effort has been made to 
correlate theoretical generalizations with 
the problems of practice, and the effort 
has met with considerable success. Yet 
many metallurgical engineers and “‘prac- 
tical’ metallurgists will find the book 
pretty strong meat unless they have had 
a soup course of several more elementary 
texts, 

One thing the book does do is to com- 
pletely and properly ignore any dividing 
line between ferrous and non-ferrous metal- 
lurgy. It is quite up to date. A good pro- 
portion of the references are to 1940 pub- 
lications. Established trade names, both 
American and foreign, that mean some- 
thing as to composition and properties. are 
not avoided, and appear in the indcx as 
well as the text. 


The chapter headings cover constit 


n, 
grain structure, crystal structure, 1ase 
changes in the solid, deformation an. re- 
crystallization, residual stresses, furnaces, 
etc.; production, properties and s;ccial 
matters relating to castings; ingots, me- 
chanical working of all types, heating and 
heat treatment of steels and non-fe:rous 
metals. This all refers chiefly to the om- 
mon industrial metals and alloys. The 
appendix of binary constitutional diagrams 
includes many less common systems. 


Of course, many important matters can 
have but the barest mention in a book of 
this wide scope and relatively small size. 
One complete omission is that of the whole 
group of mild-alloy-steels, from Cor-Ten to 
Yoloy. But, on the whole, there is more 
adequate coverage than one would normally 
expect in 567 pages.—H. W. GILLETT. 


Other New Books 


Arc WeLpInc—MANUAL AND OperaTor’s TRAIN- 
inc Course. Published by The Hobart Brothers 
Co., Troy, Ohio, 1940. Paper, 5% x 8 im. 98 
pages. Price 50c. This is a section taken from 
a 340 page book, “Arc Welding and How to 
Use It.” The present section is devoted to 
the very practical fundamentals of the art. 


Lessons 1x Arc Wetpinc. Published by 
Lincoln Electric Co., Cleveland, Ohio, 1940. 
Cloth, 5% x 8% in., 136 pages. Price 50c. 
Textbook for the lessons given in the Lincoln 
Are Welding School. Refers only to use of 
Lincoln equipment. Simply written, for the 
practical welder. 


Attoy Hanpsoox—Surrtement (Handbuch 
aller Legierungen—Nachtrag) By Ernst Janecke. 
Published by Robert Kiepert Verlag, Berlin- 
Charlottenburg, 1940. Cardboard, 7 * 9¥2 
123 pages. Price 16 RM. Incorporates refer- 
ences to and brief comment on the literatare 
of alloys from 1937, the date of publication 
of the handbook, to 1940. The index covers 
both the handbook and the supplement. 
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Whether it involves a huge retort weighing several tons or a smal! 


Meet Exacting Demands of wheel 1/2000 of a ton. . . the skill in producing sound high alloy 
Analysis and Soundness castings with correct analyses is not one easily acquired. If ever 
experience is necessary, it is in the production of chrome-iron and 

= <S chrome-nickel castings. 


Experience in your source of supply is the first item you should check. 
They're Backed by 18 Years It's the last thing to be re-checked. 
Alloy Cantina E : Duraloy offers you a casting service which started in 1922 and which 
oy Vasting Experience from that date to this has been confined exclusively to chrome-iron 
and chrome-nickel castings. In 1931, Duraloy extended its service 
to cover centrifugal castings, then in their infancy throughout in- 
dustry but today Duraspun castings form an appreciable part of our 
business. 
On your next casting requirement—static or centrifugal—see what 
Duraloy can do for you. 


THE DURALOY COMPANY 


Office and Plant: Scottdale, Pa. 
EASTERN OFFICE: 12 EAST 41st ST., NEW YORK, N. Y. 
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One-piece screw conveyor indicative of the 
class of work we do on centrifugal castings. 
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By Edwin F. Cone, Editor 


Stainless Steel 


The use of stainless steel in the American transportation 
industry is expanding rapidly. This is pointed to as due 
to two facts: Its very great inherent strength and the rapid 
advance in the knowledge of how to handle it. “Trans- 
portation will find that this material permits them to 
liquidate rapidly its added cost. As a result, fleets of 
stainless steel commercial trailers are growing rapidly in 
all sections of the country and in many types of industries 
and vocations. The combination of stainless steel plus 
shot-welding may be readily held as one of the biggest 
strides in transportation development during the history 
of this new and versatile industry.” 


Tin and Terne Plate 


Capacity of the tin and terne plate industry increased 
5.1 per cent between 1937 and 1939, but output fell off 
5.6 per cent, according to a preliminary report of the 
Census of Manufactures for 1939. A comparison of capacity 
with output shows that, in the event of necessity, produc- 
tion could be doubled if existing facilities were used on 
a 24-hr. a day, year-round basis and if sufficient raw 
materials were available. Thus potential output is 10,187,- 
567,560 lbs. against an actual output last year of 5,711,- 
326,129 Ibs. 


Plastics in German Aircraft 


Plastics are being used in German aircraft for small parts 
that take no great strain, such as electrical appliances and 
transparent plastics in the upper portion of cockpits—ac- 
cording to the Foreign Commerce Weekly. It is not believed 
that plastic wings or fuselages are being made. 


New Alloys 


“Ten thousand (10,000) new metal alloys and 250,000 
new chemical compounds have been discovered in the last 
few years.” Assuming this statement regarding alloys to be 
true, the trend continues—due to the results of research and 
the growing availability of rare metals. 





Steel Sales Offices 


Reflecting the nation-wide distribution of consumers of 
iron and steel 36 of the 48 states contain at least one steel 
company sales office, says the American Iron and Steel 
Institute. No less than 165 cities contain either a branch 
sales office of some steel company or the office of a sales 
agent for one of the companies in the industry. Outside the 
continental United States, companies in the steel industry 
maintain about 40 sales offices. 


Steel Industry's Supply of Labor 


Because of measures applied by the steel industry over 
a period of years such as apprentice programs, job-training 
for specific duties, work-sharing during depression periods 
and high wage scales, adequate reservoirs of labor have 
been built up so that, says the American Iron and Steel 
Institute, no serious shortage of labor exists, nor is any 
likely to develop soon. 


German Steel Capacity 


As a result of the annexation and military occupancy of 
certain European countries, Germany's steel ingot capacity 
is estimated as more than double what it was before the 
war. On the basis of theoretical capacity and taking into 
consideration the expansion in Germany's own industry, 
steel ingot capacity is probabiy close to 46,000,000 metric 
tons. By comparison, Britain's capacity is about 15,000,000 
and that of the United States over 79,000,000 gross tons 


Ferroalloys 


In 1939 there were 13 blast furnaces and 23 electric 
furnaces producing ferroalloys of all kinds—in 1937, says 
the Census of Manufactures for 1939, there were 11 and 
22 furnaces respectively. Twelve furnaces in 1939 were 
making ferromanganese and spiegeleisen—9 in 1937; 13 
each year were producing ferrosilicon. In 1939 there were 
19 furnaces, against 21 in 1937, producing ferrophosphorus 
and all other ferroalloys. 


Demand for Metal Workers 


Highly skilled metal tradesmen are now the workers in 
the greatest demand in New York State, according to the 
State Department of Labor. These include tool and die 
makers, boring mill and turret lathe operators, machinists, 
etc. The trend in some small plants is to increase their 
training and promotion plans. 


American Tin Smelting 


Everything points to the definite establishment of tin 
smelting plants in this country on a substantial scale. 
Bolivian tin ore or concentrates will be the principal raw 
material. 

(Other “Trends” on page 116) 
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High Damping Capacity 
Self-lubricating Properties 
Free Machining 


A few of the basic individual characteris- 
tics of both Cast Iron and Steel are listed. 
MEEHANITE castings offer you, through 
composition and structural 
control, a combination of 
these properties, permitting 
simplification of design and 

demanding no sacrifice Cher el yeaa ou co 





Meehanite Research ae 311 ROSS STREET - PITTSBURGH, PA. 


PR si 65 awoke caso ees s 
Bethayres, Pa. 

Bridgewater, Mass................. 
Buffalo, N.Y... Ts 5s wi i pad | Pohimen Foundry Co., Inc. 
Charleston, W. Va.................. Kanawha Manufacturing Co. 
Chattanooga, Tenn......................Ross-Meehan Foundries 
ee .Greenlee Foundry Company 
Cincinnati, Ohio Cincinnati Grinders Incorporated 
Cincinnati, Ohio The Cincinnati Milling Machine Co. 
Cleveland, Ohio Fulton Foundry & Machine Co. 
Denver, Colo... .. The Stearns-Roger Mfg. Co. 
Detroit, Mich... Atlas Foundry Co. 
Flint, Mich... . .seseess....General Foundry & Mfg. Company 
Hamilton, Ohio... ..Hamilton Foundry & Machine Co. 
8 Sere yo Barnett Foundry & Machine Co. 
I 1. oo ones cccoububed thecabcea Kinney Iron Works 


. Farrel-Birmingham Co., Inc. 
H. W. Butterworth & Sons Co. 
.The Henry Perkins Co. 
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High Tensile Strength 
Reliable Design Characteristics 


Adaptability to Heat Treatment 
and Flame Hardening 


of one in order to be assured of another. 
When you specify MEEHANITE you 
are not specifying just another cast iron 
but a special material—tested step by 
step and manufactured with your needs 
in mind. It is able to supply you with the 
right combination of engineer- 
ing properties for your job. \ 


Milwaukee, Wis... ...........Koehring Company 
Mt. Vernon, Ohio, Grove City, Pa... .Cooper- Bessemer Corporation 
New York, N. Y.. .. The American Brake Shoe & Foundry Co. 
Oakland, Calif....... ..... ..Vulean Foundry Company 
I OP Try per ser ne .E. Long, Ltd. 
Philadelphia, Pa... Florence Pipe Foundry & Machine Co., 

(R. D. Wood Company, Selling Agents) 
Phillipsburg, N. J..................Warren Foundry & Pipe Corp. 


Pittsburgh, Pa. ........Meehanite Metal Corporation 
Pittsburgh, Pa. . . Rosedale Foundry & Machine Co. 
Rochester, N. Y....... .American seeing 8 Machinery Co. 
St. Louis, Mo..__. .Banner Iron Works 
St. Paul, Minn. .Valley Iron Works 
London, Eng... The Internetione! Meehanite Metal Co., Ltd. 


Waterloo, N.5.W.......... Australian Meehanite Metal Co., Ltd. 
Johannesburg, South Africa, Meehanite Metal Co. (S.A.) (Pty.) Ltd. 
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By Edwin F, Cone, Editor 


Structural Material in Coaches 


The trend in the incorporation of the low-alloy, high 
strength steels in “passenger coaches and body units’ of 
articulated trains has been strikingly upward. The Railway 
Age recently published a table of such coaches and units, 
in which was given the structural material used. Out of 
1874 such units, 51.06 per cent or 957 were built of mild- 
alloy steels or ‘‘H. T. Steel.”” Units in which stainless steel 
predominated made up 19.79 per cent with aluminum alloys 
as the principal material third at 13.02 per cent. 


Streamlined Trains 


The trend in the use of streamlined trains by American 
railroads has been gaining rapid momentum. The Railway 
Age, in its 1940 Passenger Progress number, shows that in 
spite of the millions of dollars spent for new streamliners 
prior to Sept. 1, 1939, many more millions have been spent 
since. The last year has been one of astonishing progress. 
It has seen 32 new, lightweight, streamlined trains com- 
pleted and placed in service up to Nov. 1 involving a total 
of 203 cars. On the same date there were on order 26 
trains also involving 203 cars. 

In this large program metals and alloys play an im- 
portant part—aluminum alloys; low-alloy, high strength 
steels; and stainless steels. 


Steel Output Records 


Late last year all indications pointed to new records in 
steel ingot production for 1940—an excess of 8 per cent 
over the 1929 record output; of 34 per cent over 1917, 
the peak in the World War period; and of 27 per cent over 
the 1939 total. The present trend is likely to be exceeded 
in 1941, 


Air Conditioning Units 


Self-contained air-conditioning units exported from the 
United States in September, 1940, totaled $116,236, a new 
high for 1940 and 48 per cent in excess of the outgo for 
August. Metals and their alloys enter largely into these 
units. 


Air-Conditioning the Blast Furnace 


Another large company is to have an “air-conditioned 
blast furnace.” In the summer of 1939, the Woodward 
Iron Works, Woodward, Ala., created no little stir with 
the first installation of this type of equipment. It now has 
three furnaces so equipped. Now the Jones & Laughlin 
Steel Corp. announces the addition of air-conditioning equip- 
ment at one of the world’s largest blast furnaces—No. 1 at 
its Aliquippa Works—capable of removing from 7 to 40 
tons of water per day from the air blown into it. Main- 
taining a constant low moisture content in the air blast 
makes possible a more uniform charge, better control of 
smelting operations, and a saving in raw materials. This 
trend recalls the Gayley dry blast in the 1890's, using 
refrigeration to reduce moisture. 


Leviathans of the Air 


About 5 yrs. ago—on Nov. 22, 1935—the famous China 
Clipper soared away from San Francisco on the first sched- 
uled passage of an ocean by air. Her sister ship, the Philip- 
pine Clipper surged away from the same spot 16 days later. 
Both ships were built by the Glenn L. Martin Co., Balti- 
more—leviathans of the air that “couldn't be built.” The 
trend since then has been startling and progressive—similar 
leviathans cross the Atlantic and are now a vital link in 
transportation to Europe and back during the war. Research 
and production in metallurgy are a prime cause of these 
developments. 


Safety Records 


Some striking records are being made in safety by som: 
companies. Completing 11 consecutive years without a 
lost-time accident, the chemical laboratory of the Gary 
steel works of the Carnegie-illinois Steel Corp., has estab 
lished a new safety record. This period covers more thar 
2,000,000 man-hrs. completed without an accident. Among 
the tasks involved is sampling of each blast furnace casting 
period, work in control laboratories at the open-hearths, ove 
7,000,000 quantitative analyses, and sampling thousands o! 
carloads of raw materials and cargoes of iron ore and lime 
stone 


Steel Casting Production 


Output of commercial steel castings, as reported by the 
Department of Commerce, Bureau of Census, was at a much 
larger volume in 1940 than in 1939. The rate as of Nov 
1, 1940, was about 63,090 net tons per month as compared 
with 49,500 tons monthly for all of 1939. This trend is 
bound to expand in view of the Defense Program. 


Electric Steel Castings 


Data on the production of steel castings in the United 
States are not plentiful. The Department of Commerce, 
Bureau of Census, has recently published statistics for the 
output of commercial, steel castings for 1939 and 1937. 
The total for 1939 was 722,769 tons against 1,249,164 tons 
in 1937. Of the 1939 total 34.8 per cent was electric and 
crucible (mostly electric) while in 1937 this proportion was 
only 27.9 per cent—another indication of the expansion in 
the electric furnace product. 

(Additional “Trends” on page 114) 
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BAGAZINE OF METALLURGICAL ENGINEERING 


mo 


- Weigh it. The lighter it is, the lower its heat losses will be in a furnace, 
The relation be- Light weight means more air cells or pores that act as insulation; less 
tween weight and 


economy of insulat- material that absorbs and conducts heat. 
ing firebrick is ex- 


plained > Rw Ms But such a test is not necessary if B&W Insulating Firebrick are used. 
FP yo Poa — o For its recommended service temperature, each of the six B&W Insulating 
quest. Firebrick has the lowest weight and lowest heat-loss that can be secured 


with modern manufacturing methods. 
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